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>:<   PREFACE  TO  THE  SECOND  EDITION. 

There  is  much  for  the  ambitious  progressive  fireman 
to  learn.  The  modern  locomotive  is  a  wonderful  piece 
[,  of  machinery.  There  are  many  devices  and  innumberable 
parts  which  make  up  the  complicated  mechanism.  Much 
more  must  be  learned  and  thoroughly  understood  than 
the  mere  operation  of  the  engine  and  getting  the  locomo- 
tive and  train  over  the  road. 

The   educational   requirements   demanded  of   firemen 
who  aspire  to  be  engineers  are  becoming  more  and  fnore 
I  exacting  and  much  more  is  comprised  in  the  examma- 
kions  to  which  they  are  subjected  than  was  formerly  the 
[case.     Every  time  coal  is  thrown  into  the  fire-box  and 
jvery  tinje  water  is  injected  into  the  boiler,  certain  phy- 
sical and  chemical  changes  take  place.    These  are  facts 
the  fireman  now-a-days  has  to  be  perfectly  familiar  with, 
)esides    knowing    many    other    fundamental    principles 
rhich  underlie  locomotive  operation  and  management. 
In  order  to  keep  pace  with  these  and  other  advances  it 
iecame  necessary  to  greatly  improve  and  add  consider- 
ibly  to  the  examinations  so  that  the  Traveling  Engineer's 
association  Questions  and  Answers  as  given  in  full  in  the 
irst  edition  of  this  book  are  inadequate  for  present  day 
lethods. 

In  this  revised  and  greatly  enlarged  edition  has  been 
icluded  everything  necessary  to  add  to  the  examinations 
order  to  meet  the  changed  order  of  things  and  the 
reatly  improved  motive  power. 
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PART  ONE 

LOCOMOTIVE  DETAILS  AND  CATECHISMS. 
EVOLUTION  OF  THE  LOCOMOTIVE. 

HISTORICAL   SKETCH. 

With  railroad  trains  being  drawn  overland  so  rapidly 
that  it  is  possible  for  the  passenger  to  eat  his  luncheon 
in  Chicago  on  the  one  day  and  to  break  his  fast  in  New 
York  the  next,  it  might  appear  to  the  lay  mind  that  the 
limit  of  speed  in  transportation  has  been  reached.  In 
view  of  the  developments  within  a  time  compassed  by  the 
memory  of  living  men,  no  student  of  transportation  prob- 
lems dares,  however,  to  attempt  to  set  the  final  bounds 
oi  speed. 

Neither  will  anyone  attempt  to  set  limitations  upon 
:he  ways,  methods  and  means  of  transportation.  The 
past  and  present  are  too  full  of  wonders  to  allow  for  a 
noment  the  prophesying  of  a  day  which  will  mark  the 
md  of  these  and  greater  marvels. 

The  governments  of  the  earth  are  seeking  to  make 
lighways  for  man  through  the  element  which  hitherto 
las  furnished  thoroughfares  only  for  the  birds.  Road- 
ivays  on  the  ocean's  bed  may  yet  be  traversed.  Even 
low  man  is  seeking  to  so  conquer  and  control  electricity 
that  it  may  be  said  before  long  that  steam  has  had  its  day. 

These  things  in  the  mind,  little  wonder  is  it  that  the 
study  of  transportation  perhaps  more  than  anything  else 
is  occupying  the  attention  of  man.  Articles  by  the  score, 
and  books  not  a  few,  have  been  written  upon  the  broad 

3 


MECHANICAL  EXAMINATIONS 


oada  Oia  and  New,-  Verona  Tool  Wortts. 


r 

6  MECHANICAL  EXAMINATIONS 

its  nature.  In  the  rotunda  of  the  pavilion  is  shown  the 
emblematic  figure  of  the  railway,  a  woman  riding  on  a 
pilot  with  a  perfect  model  of  a  locomotive  in  her  arms. 
The  walls  are  covered  with  drawings  and  photographs 
supplementing  the  showing  of  the  great  iron  and  steel 
giants. 

The  first  idea  of  propulsion  on  land  by  steam  is  made 
known  by  a  replica  of  Newton's  engine  of  the  year  1680. 
The  engine  was  reproduced  from  description.  It  looks 
in  part  not  unlike  a  gigantic  tea  kettle.  In  its  day  it  was 
thought  by  those  to  whom  steam  was  but  a  name,  that 
this  child  of  the  good  Sir  Isaac  was  of  close  kin  to  the 
devil. 

3|C         4c         3|C         ^s         2): 

The  Cugnot  engine  of  1769  was  the  first  self -moving, 
steam  land  carriage  of  which  there  is  history.  Cugnot, 
by  whom  it  was  designed  and  constructed,  was  a  French 
army  officer.  The  engine  in  the  Field  Museum  standing 
next  that  of  Newton  is  a  full-sized  working  reproduction 
of  the  Frenchman's  invention.  Cugnot  was  the  first  man 
in  the  world  to  apply  the  high  pressure  or  noncondensing 
engine  with  cylinders  and  pistons  to  the  production  of 
rotary  power.  The  inventor's  mind  was  of  military  bent 
and  he  used  his  knowledge  of  steam  and  mechanics  in 
the  making  of  this  engine  for  the  purpose  of  moving 
artillery.  Like  the  Newton  engine,  the  boiler  part  re- 
sembles an  overgrown  tea  kettle  with  three  wheels  and 
a  wagon  bed  as  an  annex. 

From  Cugnot's  invention  we  jump  to  that  of  William 
Murdock,  which  was  responsible  for  the  first  propulsion 
on  land  in  England.  Murdock  was  James  Watt's  assist- 
ant, and  as  Watt  was  known  as  a  somewhat  bigoted  op- 
ponent   of    the    high-pressure    engine    idea,    Murdock 
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worked  at  night  in  order  that  his  line  of  thought  and  'his 
effort  to  produce  a  practical  engine  might  not  be  known 
to  his  chief.  His  locomotive  had  a  single  vertical  cylin- 
der, the  piston  rod  being  connected  with  one  end  of  a 
beam  vibrating  on  a  joint  at  the  other.  A  connecting 
rod  was  jointed  to  the  beam  close  to  its  working  end  and 
turned  a  crank  in  the  axle  of  a  pair  of  driving  wheels. 
The  cylinder  was  half-immersed  in  a  copper  boiler, 
through  which  a  flue  passed  obliquely,  the  heat  being  sup- 
plied by  a  spirit  lamp  beneath. 

All  sorts  of  curious  stories  were  told  of  the  first  ap- 
pearance of  Murdock's  engine.  It  was  said  that  people 
were  '^frightened  into  spasms",  by  the  terror  inspired 
when  they  saw  it  approach.  As  a  matter  of  fact,  it  prob- 
ably was  far  from  terrific  in  its  aspect,  and  certainly  its 
speed  could  not  have  been  great  with  the  power  gen- 
erated by  the  heat  of  the  small  lamp. 

The  Field  Columbian  Museum  owns  the  original  cars 
and  the  original  track  which  were  used  in  connection 
with  the  "Trevithick,"  the  first  locomotive  that  ever  ran 
on  rails.  The  date  of  the  Trevithick  is  the  year  1800. 
Richard  Trevithick  is  known  as  the  father  of  the  loco- 
motive. The  museum  possesses  a  full-size  working  re- 
production of  this  his  first  effort  at  locomotive  building. 

It  has  been  said  that  because  of  the  showing  of  "the 
non-necessity  for  condensing  water,  the  cylindrical  boiler, 
the  simplest  form  of  crank,  the  absence  of  mason  work 
for  engine  and  boiler  flues,  and  because  its  portability 
and  power  of  locomotion  so  nearly  met  requirements, 
this  engine  should  be  called  the  first  high-pressure 
locomotive." 

An  idea  may  be  gained  of  the  extent  of  the  exhibit  in 
the  hall  of  the  "World^s  Rail  Way"  by  barring  minute 
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description  and  giving  in  order  of  invention  and  produc- 
tion the  names,  with  a  few  words  of  description,  of  the 
steam  power  engines  that  followed  the  Trevithick.  Such 
a  list,  however,  in  this  article  is  necessarily  limited  to 
the  more  important  inventions.  There  are  nearly  a  score 
which  must  be  passed.  A  large  number  of  the  engines 
and  locomotives  shown  are  the  original  machines,  while 
all  the  others  are  working  reproductions. 

« 
'F  ••*  •f*  •{*  'F 

Following  the  second  Trevithick,  which  came  in  1802, 
we  have  the  "Evans"  of  1804  and  the  '^Brunton"  of  1812, 
which  had  legs  to  overcome  the  difficulty  of  getting  suf- 
ficient adhesion.  This  engine  looks  not  unlike  a  gigantic 
grasshopper.  The  Hedley  engine,  which  followed  the 
Brunton,  first  demonstrated  the  possibility  of  making 
progress  with  smooth  wheels  on  smooth  rails. 

One  of  the  most  interesting  engines  to  Americans  in 
the  entire  exhibit  is  Peter  Cooper's  "Tom  Thumb," 
which  was  the  first  locomotive  built  and  the  first  to  draw 
a  car  on  the  American  continent.  Then  are  shown  in 
close  order  Stourbridge's  Lion,  Stephenson's  Rocket, 
Hackworth's  Sanspareil  and  Ericsson's  Novelty. 

The  "Best  Friend"  was  the  first  locomotive  built  in 
America  for  actual  service.  Peter  Cooper's  Tom  Thumb 
made  one  or  two  trips,  but  they  were  jn  the  nature  of 
trials.  The  Best  Friend  in  the  museum  exhibit  is  shown 
exactly  as  it  stood  years  ago,  when  it  accomplished  its 
work  to  the  amazement  of  the  multitude. 

"Old  Ironsides,"  which  was  built  by  Matthias  W.  Bald- 
win in  1832 — ^the  name  Baldwin  is  known  today  wher- 
ever a  locomotive  is  shown — did  duty  for  twenty  years, 
and  the  engine  as  it  stands  in  the  Field  Museum  is  i 
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nearly  all  its  parts  the  original  machine  of  two  genera- 
tions ago. 

The  original  Rocket,  built  by  Braithwaite  &  Co.,  of 
England,  and  imported  to  America  in  the  year  1838, 
stands  in  the  "Museum  of  the  World's  Rail  Way,"  and 
has  in  it  practically  the  same  material  that  was  put  to- 
gether by  the  British  workmen  of  seventy  years  ago. 
This  engine  was  the  original  No.  i  of  the  Philadelphia 
&  Reading  Railroad. 

^p  •^  ^F  ^r  ^^ 

The  modern  locomotive  stands  not  many  yards  re- 
moved from  Newton's  crude  invention.  There  are  in  the 
exhibit  wheels,  coaches,  rails  and  appliances,  showing  the 
development  of  these  auxiliaries  of  the  steam  locomotive. 

It  may  not  be  out  of  place  to  say  that  this  "museum 
of  transportation"  is  one  of  the  best  practical  aids  to  the 
student  of  steam  and  its  application.  The  character  of 
the  exhibit  is  educational,  and  such  it  primarily  is  in- 
tended to  be.  It  is  in  keeping  with  the  spirit  which  has 
inspired  the  collecting  and  the  arranging  of  all  the  ma- 
terial gathered  for  the  benefit  of  the  people  in  the  depart- 
ments of  the  Field  Columbian  Museum.  The  expression 
is  old,  but  it  means  much — the  Museum  of  the  World's 
Rail  Way  is  an  abject  lesson. 

In  no  industry  perhaps  does  the  United  States  enjoy 
a  more  remarkable  ascendancy  over  the  rest  of  the  world, 
than  in  its  railway  service.  At  the  close  of  the  last  cen- 
tury North  America  had  no  less  than  220,800  miles  of 
track  in  operation,  w^hile  the  total  for  Europe,  Asia, 
Africa,  Australia  and  South  America  was  only  a  trifle 
greater^about  270,000  miles.  The  United  States  then 
had  a  mile  of  road  for  every  383  inhabitants,  Europe  one 
for  every  2,267  ^^^  British  India  one  for  every  12,400. 
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This  country  invented .  the  parlor,  sleeping  and  dining 
cars,  the  pressed  steel  freight  car,  many  of  the  best  fea- 
tures of  the  modern  locomotive,  the  air  brake,  the  auto-, 
matic  coupler  and  a  host  of  related  devices  and  it  runs 
the  fastest  long-distance  trains. 

One  of  the  most  marvelous  developments  in  the  whole 
railroad  system  is  that  which  has  taken  place  at  the  head 
of  a  train  in  the  last  seventy  years.  The  best  locomotives 
today  are  about  four  times  as  long  as  the  De  Witt  Qin- 
ton  (1831),  a  foot  or  two  higher,  have  drivers  that  are 
y2  (or  even  80)  inches  in  diameter  instead  of  only  54, 
and  carry  200  pounds  of  steam  instead  of  only  80.  But 
these  figures  afford  no  idea  of  the  real  gain  that  has  been 
effected  in  power. 

Relative  to  the  other  features,  the  boiler  has  grown 
abnormally,  while  the  smokestack  has  actually  diminished 
in  size.  In  the  De  Witt  Clinton  the  smokepipe  was  as 
big  as  the  boiler.  One  does  not  realize  what  modern 
science  has  done  for  this  type  of  engine  until  he  is  told 
that  it  has  a  pull  from  16  to  30  tons,  as  against  919 
pounds.  A  locomotive  built  not  long  ago  for  the  Santa 
Fe  road  weighed  133^^  tons.  Trevithick's  engine,  built 
just  a  century  ago,  weighed  five !  Stephenson's  "Rocket" 
(1829)  was  several  hundred  pounds  lighter.  Even  be- 
tween 1850  and  i860  the  average  weight  of  a  passenger 
locomotive  was  twenty  tons  and  of  a  freight  engine  thirty. 


ADVANCE  OF  AMERICAN   LOCOMOTIVES. 

One  of  the  first  advances  in  American  locomotive  con- 
struction was  to  mount  the  front  end  of  the  boiler  by  a 
stout  pivot  upon  a  small  independent  truck  or  bogie. 
Previously  the  forward  wheels  were  secured  to  the  whole 
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frame.  That  plan  made  the  machine  exceedingly  rigid 
and  awkward  on  sharp  curves,  where  derailment  often 
resulted.  Another  improvement  was  the  "link  motion" 
for  reversing,  for  which  the  credit  has  been  claimed 
both  for  an  American,  James,  and  for  Stephenson.  A 
more  even  distribution  of  weight  on  the  wheels  was  se- 
cured by  another  Yankee  notion,  "equalizing  levers." 

"The  locomotive  is  still  in  a  state  of .  evolution,  and 
those  who  operate  it  are  changing  not  only  in  the  partic- 
ulars of  their  duties,  but  in  their  aspirations  and  lives. 
The  engineers  and  firemen  of  early  days  bore  little  re- 
semblance to  their  brothers  of  the  present  period.  The 
latter  have  not  only  personally  acquired  greater  skill,  but 
they  possess  also  the  accumulated  experience  of  those 
who  have  gone  before  them.^  It  is  no  exaggeration  to 
say  that  the  fireman  of  today,  even  if  a  novice,  is  much 
superior  in,  capacity  to  the  engineers  who  had  charge 
for  a  long  time  after  railways  were  first  operated.  The 
first  enginemen  were  by  trade  blacksmiths  and  mechan- 
ics, who  understood  something  about  metals  and  ma- 
chinery, but  were  ignorant  of  the  uses  of  steam  or  the 
future  possibilities  of  the  locomotive.  It  was  necessary 
to  train  men  for  the  position.  This  process  has  been 
going  on  with  ever  accelerated  speed  from  the  first  day 
up  to  the  present  moment.  There  is  no  end  to  the  road. 
It  grows  wider  and  the  horizon  expands  with  each  ad- 
vancing step. 

The  firemen  and  engineers  of  railways  constitute  a 
highly  trained  class  of  men.  Their  knowledge  and  use- 
fulness will  increase  with  time  and  further  experience. 
It  is  only  reasonable  to  believe  this  because  we  know 
that  possession  of  knowledge  only  intensifies  the  desires 
of  men  in  this  direction.    Its  acquisition  by  an  ambitious 
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*MALLEt  ARTICULATED  COMPOUND 

LOCOMOTIVES. 

"It  may  be  of  interest  briefly  to  state  that  Mallet 
Articulated  Compound  Locomotives  possess  the  follow- 
ing combination  of  distinguishing  features,  viz.:  Two 
sets  of  driving  wheels,  each  having  an  independent  set 
of  frames,  cylinders,  pistons,  crossheads,  connecting  rods 
and  valve  gear,  yet  all  under  one  boiler  with  a  single 
firebox.  The  rear  set  of  driving  wheels  is  held  in  frames 
secured  to  the  boiler  and  to  the  high-pressure  cylinders, 
which  are  also  fastened  to  the  boiler.  The  forward  set  of 
driving  wheels  is  held  in  frames  which  have  a  limited 
transverse  motion  about  a  pivot  joining  them  to  the  rear 
frames.  This  pivot  is  located  on  the  center  line  of  the 
engine  at  a  point  about  midway  between  the  two  sets  of 
driving  wheels.  The  forward  set  of  driving  wheels  is 
connected  to  the  low-pressure  cylinders  which  are  not 
fastened  to  the  boiler,  but  hung  to  the  forward  section 
of  the  frames  with  which  they  swing  transversely.  The 
waist  of  the  boiler  is  supported  by  sliding  bearings  which 
rest  in  turn  on  the  forward  section  of  frames,  and  spring 
stops  are  provided  to  prevent  undue  transverse  motion. 

"Steam  is  conveyed  through  rigid  pipes  to  the  high- 
pressure  cylinders.  After  exerting  its  energy  the  steam 
is  exhausted  into  a  flexible  receiving  pipe  through  which 
it  passes  to  the  low-pressure  cylinders.  The  final  exhaust 
is  effected  through  a  second  flexible  pipe  connecting  the 
low-pressure  cylinders  with  the  exhaust  nozzle   in  the 

♦Extracts  from  a  paper  read  before  the  Engineers*  Club  of 
Philadelphia,  March  21, 1908,  by  Grafton  Greenough. 
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smokebox.  Hence  this  type  of  locomotive  comprises 
two  complete  engines  with  but  one  boiler,  and  possesses 
the  advantages  of  compounding,  without  entailing  detri- 
mental complications,  as  the  forward  engine  is  practically 
a  duplicate  of  the  rear  one,  except  that  its  cylinders  and 
■  pistons  are  of  sufficiently  greater  size  to  compensate  for 
the  reduced  steam  pressure.  It  is  obvious  that  the  high 
and  low-pressure  engines  would  exert  equal  tractive  pow- 
ers, providing  the  weights  on  both  sets  of  driving  wheels 
are  the  same;  If,  however,  these  weights  are  unequal, 
the  tractive  powers  of  the  two  engines  should  vary  ac- 
cordingly. Sometimes  the  number  of  driving  wheels  in 
the  two  engines  differs. 


Figure    6.     Flwt    Double    Truck    Locomotive. 

"The  forward  engine  is  designed  to  swing  transversely, 
in  order  to  divide  what  would  otherwise  be  an  abnormally 
long  rigid  wheel  base  into  two  short  rigid  wheel  bases, 
thus  providing  for  the  negotiation  of  curves.  To  further 
facilitate  curving,  or  to  support  overhanging  parts  and 
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driving  wheels,  which  is  usually  from  four  to  four  and 
one-half  times  the  tfactive  power.  Therefore  an  increase 
in  tractive  power  demands  a  corresponding  increase  in 
weight  on  driving  wheels  and  thus  adds  to  the  weight 
of  the  engine  as  a  whole.  It  is  understood  that  by 
'tractive  power'  is  meant  the  total  force  exerted  by  the 
engine  at  the  rails;  it  is  the  sum  of  the  draw-'bar  pull 
plus  the  force  absorbed  in  moving  the  engine.  The 
weight  on  the  driving  wheels  multiplied  by  the  coefficient 
of  friction  between  driving  wheels  and  rail  is  the  limit 
of  effective  tractive  power,  for,  should  this  limit  be 
exceeded,  the  driving  wheels  would  slip  on  the  rails  and 
ineffectually  revolve.  The  coefficient  oi  friction,  with 
wheels  and  rails  in  good  condition,  is  usually  between 
two-tenths  and  twenty-five  hundredths. 

"The  'ratio  of  adhesion'  is  the  ratio  between  tractive 
power  and  total  weight  on  driving  wheels  at  the  rails; 
thus  if  the  latter  is  four  or  four  and  one-half  times  the 
former,  the  ratio  of  adhesion  is  four  or  four  and  one-half 
respectively.  The  ratio  of  adhesion  should  be  at  least  the 
reciprocal  of  the  coefficient  of  friction  between  the  driv- 
ing wheels  and  the  rails. 

"Rails  will  support  but  a  limited  weight  per  wheel,  so  it 
follows  that  when  the  tractive  power  required  of  a  loco- 
motive causes  the  weight  per  wheel  to  exceed  the  carry- 
ing capacity  of  the  rails,  additional  wheels  are  necessary 
to  subdivide  the  load.  The  addition  of  wheels  in  a  con- 
tinuous frame  lengthens  the  rigid  wheel  base  of  a  locomo- 
tive. The  amount  by  which  the  wheel  base  may  be  in- 
creased depends  upon  the  radius  of  the  sharpest  curve  to 
be  traversed  by  the  locomotive. 

"To  obtain  flexibility,  both  on  curves  and  on  rough 
tracks,  numerous  devices  have  been  employed,  including 
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equalizing  systems,  two,  four,  and  six-wheeled  swing 
trucks,  flexible  beam  trucks,  journal  boxes  with  extraor- 
dinary side  play,  tires  without  flanges,  and  again  in  an 
improved  form  the  articulated  engine. 

"Practically  no  attempt  was  made  to  improve  Horatio 
Allen's  design  until  over  thirty  years  had  elapsed,  when 
an  energetic  Irish  engineer,  named  Robert  F.  Fairlie, 
brought  out  the  design  of  an  articulated  locomotive  which 
bears  his  name.  Fairlie,  who  was  an  earnest  advocate  of 
narrow  gauge  railroads,  especially  where  road  building 
was  expensive,  had  recourse  to  articulated  locomotives  to 
make  transportation  over  such  roads  possible  with  mini- 
mum outlay  for  grading  and  reducing  curvature.  Fairlie 
'double  enders'  as  they  were  familiarly  called,  may  be 
likened  to  a  combination  of  two  independent  locomotives, 
the  boilers  of  which  are  placed  back  to  back  and  support- 
ed on  more  or  less  elaborate  framing,  whilst  the  two  en- 
gines, including  separate  frames,  running  gear,  and 
cylinders,  form  independent  trucks  free  to  swivel  about 
the  center  pins  on  which  the  boilers  rest.  A  good  exam- 
ple of  the  Fairlie  system  of  running  gear  is  obtained  by 
imagining  the  substitution  of  steam  for  electric  motors 
on  both  trucks  of  a  double  truck  electric  car.  These 
Fairlie  locomotives  proved  too  flexible  for  other  than  slow 
service,  thus  their  usefulness  was  confined  to  crooked 
mountain  roads  where  speed  was  npt  a  consideration. 
Even  under  such  conditions  when  working  hard,  the  com- 
ponent engines,  owing  to  their  short  wheel  base^,  would 
oscillate  or  'nose'  from  side  to  side,  the  flexible  steam 
pipes  carrying  steam  at  boiler  pressure  would  continually 
leak,  and  when  working  at  full  capacity  the  driving 
wheels  of  either  one  or  the  other  engine  would  often  slip 
at  critical  times  unless  the  ratio  of  adhesion  was  abnor- 
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to  full  capacity  it  is  found  impossible  to  make  both  engines 
exert  the  same  ratio  of  tractive  power  to  weight  on  driv- 
ing wheels,  hence  either  one  engine  or  the  other  will  fre- 
quently lose  adhesion  and  slip.  On  grades  this  often 
results  in  stalling  the  train  before  the  loss  inr  pulling 
power  can  be  recovered. 

"This  trouble  cannot  occur  with  Mallet  type  locomo- 
tives, as  in  the  event  of  slippage  the  locomotive  imme- 
diately recovers  itself,  for  the  two  engines  depend  one 
upon  the  other  for  the  distribution  of  the  steam.  Should 
the  high-pressure  engine  slip,  its  exhaust  would  fill  the 
receiving  pipe  faster  than  the  low-pressure  engine  could 
relieve  it,  and  the  resulting  back  pressure  on  the  high- 
pressure  piston  would  prevent  further  slipping.  If  the 
low-pressure  engine  should  slip  it  would  exhaust  the 
contents  of  the  receiver  until  the  pressure  in  the  low- 
pressure  cylinders  was  reduced  sufficiently  to  stop  the 
slipping. 

"Any  continuous  slipping  can  only  occur  in  both 
engines  simultaneously,  which  can  be  corrected  by  the 
same  means  that  might  be  necessary  for  regular  types 
of  locomotives  under  the  same  circumstances. 

"In  addition  to  eliminating  unnecessary  flexibility 
Mallet  simplified  matters  further  by  substituting  one 
large  boiler  for  two  small  ones;  this  not  only  reduced 
the  integral  number  of  parts  comprising  the  boiler,  but 
also  provided  one  instead  of  two  fires  to  be  cared  for. 
Mr.  Mason  also  built  articulated  locomotives  with  one 
boiler,  but  in  sucH  cases  only  one  set  of  driving  wheels 
aaid  cylind-ers  was  used,  thus  practically  halving  the 
capacity  of  the  locomotive  of  given  weight. 

"The  boilers  of  Fairlie,  Mason  and  other  double  truck 
type    locomotives    rest    on    center    pins,    consequently 
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"During    the    same    year    the    Baldwin    Locomotive 

Works  built  three  meter  gauge  Mallet  type  locomotives 
for  the  American  Railroad  of  Porto  Rioo,  which  weighed 
106,000  pounds  each.  All  of  this  weight  is  on  the  driv- 
ing wheels,  of  which  there  are  two  groups  of  three  pairs 
each.  Aside  from  the  unusual  weight  and  hauling 
capacity  for  narrow  gauge  service,  these  engines  are  not 
required  to  meet  exceptional  conditions. 


'^ 


"About  a  year  later  locomotives  of  similar  type  and 
size  but  for  three  feet  six  inches  gauge  were  built  for 
the  Guayaquil  and  Quito  Railway  in  Ecuador,  where 
grades  and  curves  are  both  numerous  and  severe. 

•"During  1907  the  American  Locomotive  Company  built 
three  Mallet  locomotives  for  the  Erie  Railroad.     They 
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are  the  heaviest  engines  ever  built,  their  weight  being 
409,000  pounds,  all  on  driving  wheels,  of  which  there  are 
two  groups  of  four  pairs  each." 

"Designs  carefully  prepared  by  the  Baldwin  Locomo- 
tive Works  for  five  Mallet  type  locomotives  for  the  Great 
Northern  Railway,  resulted  in  the  locomotives  being  used 
on  grades  of  two  and  two- tenths  per  cent,  in  conjunction 
with  curves  of  ten  degrees." 

"The  engines  were  to  push  trains  up  the  grade  and 
"back"  down  for  another  load  without  turning,  and  the 
question  as  to  how  their  vast  weight  could  be  made  to 
curve  without  excessive  flange  wear  was  a  problem,  the 
solution  of  which  caused  much  thought  and  discussion. 
The  question  was  solved  by  providing  leading  and  trail- 
ing wheels  in  radial  trucks,  such  as  are  used  on  rigid 
frame  road  locomotives.  This  feature  of  construction 
proved  successful  as  notwithstanding  the  weight  of  these 
engines,  which  is  355,000  pounds,  of  which  316,000 
pounds  is  on  the  driving  wheels,  they  are  remarkably 
easy  on  flanges  and  tracks.  In  the  fall  of  1906,  these 
locomotives  were  placed  in  service  between  Leavenworth 
and  Cascade  tunnel,  a  distance  of  about  thirty-two  miles. 
Their  rating  on  a  two  and  two-tenths  per  cent,  grade  is 
800  tons  of  cars  and  lading,  and  their  usual  duty  is  to 
take  with  a  leading  Consolidation  locomotive,  a  load 
averaging  1200  tons  in  weight  exclusive  of  engines  and 
tenders.  As  the  Mallet  locomotives  weigh  with  8000 
gallon  tenders  about  252  tons  and  the  Consolidations 
with  6000  gallon  tenders  weigh  about  157  tons,  the  weight 
of  the  entire  train  is  approximately  1614  tons  of  which 
the  Mallet  engines  handle  1057  tons  or  sixty-five  and 
five-tenths  per  cent,  of  the  total." 
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GENERAL  DIMENSIONS 

Gauge 4'  Syi" 

Cylinders 21^"  and  33"  x  32" 

Valve Balanced 

Boiler — Type Belpaire 

Material Steel 

Diameter    .84" 

Thickness  of  Sheets %" 

Working  pressure 200  lbs. 

Fuel Soft  Coal 

Staying Vertical 

« 

Firebox — Material    Steel 

Length 1 17" 

Width  96" 

Depth front,  79>^";  back,  76>^" 

Thickness  of  Sheets  sides,  ^" ; 

back,  %" ;  crown,  %" ;  tube,  >^" 
Water  Space front,  6" ;  sides,  5" ;  back  5" 

Tubes — Material Steel 

Wire  Gauge No.  1 1 

Number   441 

Diameter    2%" 

Length 21'  o" 

Heating  Surface-Firebox 225  sq.  ft. 

Tubes 5433  sq  ft. 

Total 5658  sq.  ft. 

Grate  area 78  sq.  ft. 

Driving  Wheels — Diam Outside  55" 

Diameter  of  Center 48" 

Journals 10"  x  12" 
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Engine  Truck  Wheels — 

Front  Diameter   30" 

Journals    6"  x  12" 

,  Back  Diameter 30" 

Journals    6"  x  12" 

Wheel  Base — Driving 30'  o" 

Rigid 10'  o" 

Total  Engine 44'  10" 

Total  Engine  and  Tender 73'  2%" 

Weight — On  Driving  Wheels 316,000  lbs. 

On  Truck,  front 19,000  lbs. 

On  Truck,  back  ....'. 20,000  lbs. 

Total  Engine 355^000  lbs. 

Total  Engine  and  Tender,  about 503,000  lbs. 

Tender — Number  of  Wheels 8 

Diameter  of  Wheels 36" 

Journals    SJ^"  x  10" 

Tank — Capacity Water,  8000  gals. 

Coal,  13  tons 
Service — Freight. 


"The  saving  in  fuel  these  engines  effect  is  remarkable. 
Careful  tests  show  the  unusual  reduction  in  the  amount 
of  coal  used  per  ton  mile  of  forty-six  per  cent,  as  com- 
pared with  the  coal  required  for  the  single-expansion 
Consolidation  locomotives,  engaged  in  the  same  work. 

"From  trials  of  the  first  locomotives  it  was  found,  not- 
withstanding  prevailing  ideas  to  the  contrary,  that 
Mallet  type  locomotives,  in  addition  to  heavy  slow  work, 
could  be  used  to  advantage  for  heavy  hauling  in  road 
service.  In  consequence  twenty-five  lighter  Mallet  loco- 
motives were  placed   in  road   service  on  a  division  of 
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( 

the  Great  Northern  197  miles  Jong  in  which  many  ■ 
grades  of  one  per  cent,  occur."  They  have  twelve  driv- 
ing wheels  divided  in  two  groups,  front  and  rear  truck 
wheels,  weigh  in  working  order  302,000  pounds  with 
263,000  pounds  on  driving  wheels,  and  with  8000  gallon  1 
tenders  make  a  total  weight  of  231  tons.  They  easily 
haul  1450  tons  of  cars  and  lading  on  the  one  per  cent, 
grades,  and  where  lighter  grades  permit,  attain  speeds 
of  twenty-five  to  thirty  miles  per  hour,  thus  making  the  < 

same  time  as  Consolidation  locomotives  in  the  same 
work,  but  with  the  advantage  of  doing  more  work  and 
doing  it  cheaper  per  ton  mile." 

"The  convincing  proof  of  the  results  obtained  is  shown 
by  the  fact  that  the  Great  Northern  Railway  has  in  serv- 
ice seventy  locomotives  of  the  Mallet  type. 

"One  of  the  first  heavy  Mallets  was  'borrowed  from  the 
Great  Northern  by  the  Northern  Pacific  Railway  for 
trial  between  Livingston  and  Bozeman  Pass  Tunnel,  a 
distance  of  twelve  and  one-half  miles  with  maximum 
grade  of  two  and  two-tenths  per  cent,  and  curves  of 
from  one  to  eight  degrees,  resulting  in  the  Baldwin 
Locomotive  Works  building  sixteen  locomotives  for  the 
Northern  Pacific  Railway  practically  duplicates  of  the 
heavy  Mallet  type  engines  of  the  Great  Northern  Rail- 
way. Tliese  engines  weigh  351,000  pounds  in  working 
order  with  313,500  pounds  on  driving  wheels,  and  with 
8000  gallon  tenders  weigh  250  tons.  They  serve  as 
pushers  behind  trains  pulled  by  either  Mikado  type  or 
Consolidation  locomotives  weighing  respectively  258,000 
and  186,000  pounds.  The  corresponding  weights  on  the 
driving  wheels  are  203,000  and  166,000  pounds.  The 
former  with  8000  gallon  tenders  weigh  209  tons  and  the 
latter  with  5500  gallon  tenders  weigh  149  tons."    "It  is 
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kamed  that  the  rating  on  the  heaviest  grades  is  850 
tons  of  xars  and  lading  for  the  Mallet  locomotives,  600 
and  500  tons  respectively  for  the  Mikado  and  Consolida- 
tion locomotives.  In  actual  practice  the  Mallet  engines 
usually  handle  from*  sixty  to  sixty-five '  per  cent,  of  the 
tonnage." 


Figure  20.     Articulated  Frame 

"Some  of  the  mechanical  details  of  the  Great  Northern 
and  Northern  Pacific  Mallet  locomotives  are  vw>rthj'  of 
notice. 
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"The  hinge  connecting  the  two  engines,  although  double 
and  attached  to  both  upper  and  lower  bars  of  frames  is  a 
very  simple  device,  which  must  necessarily  be  strong 
and  firmly  attached. 


Figure   21.     Sliding    Benriug.    under    Front  End  ot  Boiler. 

"The  bearing  slides  on  which  the  forward  end  of  the 
boiler  rests  are  of  cast  steel,  the  upper  half  being  riveted 
to  the  boiler  and  the  lower  half  bolted  to  the  frame  of 
the  low-pressure  engine ;  the  bearing  pieces  are  of  cast 
iron. 

"Thrust  springs  and  their  bearings  are  placed  ahead 
of  the  bearing  slides  to  regulate  the  side  movement  of 
the  forward  engine.  These  bearings  are  not  intended  to 
support  the  boiler. 
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"The  receiving  pipe  is  easy  of  access  for"  adjusting 
and  packing,  and  is  not  at  all  complicated,  having  but 
one  ball  and  one  sliding  joint.  The  exhaust  pipe  is  sim- 
ilar  in   construction  but  has   one  additional   ball  joint 
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valve  box  rests  in  elbows  leading  to  the  outside  steam 
pipes. 

"The  reversing  gear  used  on  these  locomotives  is  of 
the  type  patented  by  W.  J.  McCarroll,  and  is  operated 
by  compressed  air.  The  engineer  can  easily  handle  the 
locomotive  and  adjust  the  cut-off  without  physical 
effort.  The  valve  motions  of  both  engines  are  connected 
to  one  reversing  screw,  and  provision  is  made  for  revers- 
ing by  hand  if  for  any  reason  air  pressure  is  unavailable. 

"The  steam  chest  valves  are  operated  by  the  Wal- 
schaert  valve  gear,  the  use  of  which  has  become  quite 
common  in  this  country  and  requires  no  special  comment. 
It  is  particularly  advantageous  on  this  type  of  locomotive 
because  the  eccentrics  for  the  S.tephenson  valve  motion 
could  not  easily  be  placed  under  the  firebox,  which  is 
directly  over  the  rear  group  of  wheels. 

"No  complicated  starting  valves  are  required  for  these 
locomotives.  If  necessary  steam  can  be  admitted  to  the 
low-pressure  cylinders  through  the  receiving  pipe  to  which 
it  is  fed  through  a  suitable  connection  direct  from  the 
boiler.  The  supply  of  ste^m  for  this  purpose  is  regulated 
by  an  ordinary  pattern  of  valve.  It  is  of  course 
important  that  this  valve  should  be  closed  as  soon  as  the 
exhaust  from  the  high-pressure  cylinders  is  effective. 

"Cylinder  lubrication  is  provided  by  a  four-feed  lubri- 
cator with  pipes  leading  to  the  high-pressure  steam  chests 
in  the  usual  manner.  The  pipes  leading  to  the  low-pres- 
sure steam  chests  are  provided  with  flexible  connections 
to  allow  them  to  move  with  the  forward  group  of  wheels. 
It  was  found  inadvisable  to  attempt  to  lubricate  the  low- 
pressure  cylinders  through  the  receiving  pipe. 

"The  formula  for  calculating  the  tractive  power  of  a 
two  cylinder  cross  compound  locomotive  is  also  applica- 
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We  to  the  Mallet  type,  the  result  being  .multiplied  1  . 
two  as  the  Mallet  type  has  four  cylinders.  The  formu  i 
thus  modified  is  as  follows: 


C  X  5  X  4/3  P 
D 


:  T.  where 


C  equals  diameter  of  high-pressure  cylinders,  in  inche: 

S  equals  stroke  of  high-pressure  cylinders,  in  inches. 

D  equals  diameter  of  driving  wheels. 

P  equals  boiler  steam  pressure  in  pounds. 

T  equals  tractive  power  in  pounds. 
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"The  use  of  this  formula  is  obviously  based  upon  equal 
average  total  mean  effective  pressure  on  both  high-  and 
low-pressure  pistons.  In  order  to  obtain  this  equality 
the  ratio  of  the  area  of  the  high  to  the  low-pressure 
pistons  should  be  as  i  is  to  2.4  with  an  allowable  variation 
either  way  of  o.i. 

"A  careful  consideration  of  the  subject  makes  it 
evident  that  where  rigid  frame  locomotives  are  adequate, 
the  use  of  Mallet  articulated  locomotives  is  unnecessary. 
Where,  however,  on  account  of  limiting  conditions,  a 
sufficiently  powerful  locomotive  of  ordinary  type  would 
not  be  practicable,  the  Mallet  type  frequently  offers  a 
satisfactory  solution  of  the  problem. 

"When  properly  designed,  Mallet  type  locomotives 
have  pr6ved  themselves  practical,  powerful,  economical, 
flexible,  and  easy  on  the  roadway,  and  indications  point 
to  an  increase  in  their  use." 


CATECHISM   ON   COMPOUND   LOCOMOTIVES. 

What  is  the  difference  between  compound  locomotives 
and  simple  or  ordinary  engines? 

A  simple  locomotive  has  only  one  set  of  cylinders  and 
they  are  of  the  same  diameter.  The  steam  is  used  only 
once.  Whereas  in  a  compound  the  steam  is  used  twice 
because  it  has  two  or  four  cylinders,  (as  the  case  may 
be)  not  of  the  same  diameter.  The  steam  passes  through 
one  cylinder  where  it  loses  part  of  its  energy,  then  it 
passes  into  the  second  cylinder  where  its  remaining 
energy  is  used.  It  is  in  fact  using  the  steam  expansively 
in  a  double  expansion  engine. 


Figure  28. 

Explain  why  one  cylinder  is  called  the  high-pressure, 
and  the  other  the  low-pressure  cylinder? 

The  steam  enters  the  high-pressure  cylinder  directly 
from  the  boiler  at  nearly  initial  boiler  pressure,  and  goes 
into  the  low-pressure  cylinder  from  the  high-pressure  cyl- 
inder at  a  pressure  much  reduced,  when  the  engine  is 
workingr  under  ordinary  conditions. 
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It  insures  a  steady  movement  of  the  valve  without  any 
shock. 

Why  should  it  be  known  that  the  dash  pot  has  suffi- 
cient oil? 

Because  the  dash  pot  should  be  kept  filled  with  engine 
oil  in  order  to  prevent  the  slamn.ing  of  the  intercepting 
valve.  Lack  of  oil  in  the  dash  pot  often  results  in  failure 
or  breakage  of  the  intercepting  valve. . 

How  may  a  Schenectady  twc-cylinder  compound  be 
operated  as  a  simple  locomotive? 

The  handle  of  the  three-way  cock  must  be  moved  so 
that  air  or  steam  pressure  is  admitted  into  the  pipe 
which  leads  to  one  end  of  the  separate  exhaust  cham- 
ber, in  order  to  force  the  separate  exhaust  valve  from 
the  right  to  the  left  in- the  direction  of  the  intercepting 
valve.  Ordinarily  the  separate  valve  is  held  in  its  place 
by  a  spring,  hence  the  reason  for  its  being  thus  forced. 
Thus,  as  the  throttle  opens  steam  comes  directly  from 
the  boiler  into  the  passage  connecting  with  the  inter- 
cepting valve^  forces  it  from  left  to  right,  and  so  allows 
the  steam  to  pass  through  by  the  ports  and  passages, 
thence  it  goes  through  the  reducing  valve  and  into  the 
low  pressure  steam  chest,  and  at  the  same  time  steam  is 
being  admitted  direct  from  the  steam  pipe  -to  the  high 
pressure  cylinder.  From  the  high  pressure  cylinder 
steam  is  exhausted  direct  to  the  atmosphere  through  the 
receiver  and  separate  exhaust  passage.  But  from  the 
low  pressure  cylinder  steam  is  exhausted  direct  to  the 
atmosphere  in  the  usual  manner. 

When  is  it  necessary  to  operate  a  Schenectady  com- 
pound as  a  simple  engine? 

In  starting  with  a  very  heavy  train,  whenever  there 
IS  danger  of  being  stalled,  and  only  at  very  slow  speeds. 
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Why  should  it  not  be  operated  as  a  simpk  engine 
when  the  speed  is  greater? 

Because  there  would  result  a  waste  of  steam,  an  in- 
creased consumption  of  fuel,  and  an  unnecessary  wear 
and  tear  and  consequent  strain  to  the  machinery  of  the 
locomotive. 

How  may  a  two  cylinder  engine  be  changed  from  a 
simple  to  a  compound  locomotive? 

First  the  three-way  cock  would  be  returned  to  its 
normal  position  allowing  the  pressure  to  be  withdrawn 
from  the  piston  head  of  the  separate  exhaust  valve.  The 
compressed  spring  being  released  as  the  pressure  is  ex- 
hausted -to  the  atmosphere  forces  the  separate  exhaust 
valve  to  its  normal  position  and  closes  communication. 
The  pressure  in  the  receiver,  owing  to  the  exhaust  in 
the  high  pressure  cylinder,  rises  and  forces  the  inter- 
cepting valve  to  the  left,  and  .that  opens  the  passage 
through  which  the  exhaust  steam  from  the  high  pres- 
sure cylinder  passes  through  the  receiver  to  the  low  pres- 
sure steam  chest  Live  steam  is  shut  off  between  the 
boiler  and  the  low  pressure  steam  chest  by  the  movement 
of  the  intercepting  valve  to  the  left. 

What  is  it  that  moves  the  intercepting  valve  in  a  two- 
cylinder  compound? 

Because  of  the  different  areas  of  the  ends  of  the  valve 
the  interceptifig  valve  is  automatically  operated  by  the 
steam  pressure  to  which  it  is  subjected. 

In  what  way  should  a  compound  be  lubricated? 

While  using  steam  two-thirds  of  the  allowance  for 
cylinder  lubrication  should  be  fed  to  the  high  pressure 
cylinder.  But  this  rule  should  be  reversed  when  drift- 
ing for  long  distances,  because  of  the  increased  surface 
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which  is  exposed  in  the  low  pressure  cylinder  and  also 
because  of  there  being  no  steam  in  the  cylinders. 

Why  should  more  oil  be  fed  to  a  high  pressure  than 
to  a  low  pressure  cylinder? 

Because  some  of  the  oil  fed  to  a  high  pressure  cylinder 
is  taken  by  the  steam  to  the  low  pressure  cylinder.  More 
friction  is  caused  in  the  high  pressure  than  in  the  low 
pressure  cylinder  by  reason  of  the  high  pressure  of  the 
steam,  so  more  oil  is  needed  to  offset  it. 


Figure  30.     Intercepting  Valve  Opea — Engine  Working   Compound. 

In  a  boiler  of  a  compound  locomotive  how  much 
water  should  be  carried? 

Only  enough  to  insure  positive  safety  against  over- 
heating the  firebox  regardless  of  the  different  service 
conditbns. 

Why  only  enough  water  and  no  more  than  that 
should  be  carried? 
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Because  only  in  that  manner  can  delivery  of  dry 
steam  be  made  to  the  cylinders.  Wet  steam  should  be 
prevented  as  it  is  very  injurious  to  compounds. 

With  a  long  train  to  haul  how  should  a  compound  bi; 
started  ? 

In  simple  position ;  that  is,  it  should  be  operated  as  a 
simple  expansion  locomotive. 

What  should  be  the  position  of  the  separate  exhaust 
valve,  cylinder  and  port  cocks,  when  the  locomotive  is 
drifting? 


Figure  31.      InterceptiDg  Valve  ClOEed— EDgine  Working  Simple. 

The  three-way  cock  in  the  cab  should  .be  in  the  posi- 
tion for  working  simple,  thus  causing  the  separate  ex- 
haust valve  to  open  and  the  cylinder  port  cock  should 
also  be  open. 

When  the  engine  is  being  changed  to  compound  what 
will  cause  two  exhausts  of  air  to  blow  from  the  three- 
way  cock? 
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The  exhaust  valve  spring  may  be  loose,  or  the  ex- 
haust valve  may  itself  be  sticking. 

When  steam  blows  at  the  three-way  cock  what  does 
it  indicate  ? 

Exhaust  valve  seat  leaking  and  steam  passing  by  the 
exhaust  valve  piston  packing  rings. 

If  the  engine  will  not  operate  as  compound  when  the 
air  pressure  on  the  separate  exhaust  valve  is  released 
by  the  three-way  cock,  what  can  be  done?    . 

It  usually  results  from  the  separate  exhaust  valve 
being  stuck  and  so  communication  with  the  separate 
exhaust  valve  is  not  closed.  A  little  headlight  oil 
through  the  oil-plug  at  the  three-way  cock  may  be  forcecj 
to  the  separate  exhaust  valve,  and  by  repeating  the  op- 
eration shortly  afterward  with  cylinder  oil  the  valve  may 
generally  be  released. 

If  the  locomotive  is  standing  and  the  high-pressure 
side  is  on  the  dead  center,  and  when  given  steam  will 
not  move,  where  is  the  trouble  likely  to  ibe ;  what  should 
be  done  to  get  started  and  why? 

A  stuck  intercepting  or  reducing  valve  preventing 
direct  communication  between  the  boiler  and  the  low- 
pressure  cylinder  is  most  likely  the  cause  of  the  trouble. 
Which  valve  is  sticking  may  be  known  by  the  position 
of  the  intercepting  valve  stem,  which  would  extend  clear 
out  if  the  intercepting  valve  were  stuck.  In  that  event 
a  light  tap  on  the  end  of  the  stem,  after  the  throttle  is 
opened,  will  send  it  ahead,  unless  some  of  the  parts  be 
broken.  But  if  the  reducing  valve  is  stuck  the  stem 
will  protrude  only  a  few  inches.  In  that  case  a  few 
sharp  blows  on  the  intercepting  valve  back  head,  with 
the  throttle  opened,  will  usually  start  it  and  thus  direct 
communication  between  the  boiler  and  the  low-pressure 
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inoperative.  If  the  admission  of  steam  into  the  passage 
connecting  with  the  intercepting  valve  cannot  move  it 
from  its  normal  position,  direct  communication  between 
the  boiler  and  low-pressure  cylinder  cannot  be  estab- 
lished, and  the  greatly  reduced  power  conveyed  from  the 
high  into  the  low-pressure  cylinder  is  insufficient  to 
move  the  locomotive  in  starting. 

How  should  disconnection  be  made  in  the  event  of  a 
break-down  ? 

The  separate  valve  should  be  opened  the  same  as  for 
running  simple;  then  block,  cover  the  ports,  and  dis- 
connect the  same  as  for  a  simple  locomotive. 

To  shut  off  steam  pressure  from  the  steam  chest  and 
low-pressure  cylinder  what  should  be  done  ? 

Place  the  separate  exhaust  valve  and  the  intercepting 
valve  position  for  working  engine  as  a  simple  loco- 
motive. 

Is  it  important  to  pump  up  air  on  a  Schenectady  two- 
cylinder  compound  before  starting,  and,  if  so,  why  is  it? 

It  is  extremely  important.  It  ensures  a  sufficient 
quantity  of  air  pressure  to  operate  the  separate  exhaust 
valve  in  order  that  the  engine  may  be  operated  as  a 
simple  locomotive  or  single  expansion  engine. 

How  can  blows  be  located  in  a  compound  locomotive? 
.  Differently  with  different  types.  With  two-cylinder 
locomotives  blows  or  leaks  through  valves  or  cylinder 
packing  are  tested  for  the  same  as  for  simple  engines, 
the  locomotive  being  worked  as  a  simple  while  making 
such  tests.  For  blows  in  the  intercepting  valve,  the 
right-hand  crank  pin  is  placed  on  the  top  quarter  and 
the  reverse  lever  put  in  the  center  of  the  quadrant,  the 
intercepting  valve  is  closed,  and  the  separate  exhaust 
valve  is  opened  the  same  as  when  working  simple.  Steam 
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As  both  valves  operate  on  one  stem,  and  as  the  high- 
pressure  valve  is  internal  and  the  low-pressure  external 
admission,  the  ports  in  the  high-pressure  cylinder  have 
to  be  crossed,  so  when  live  steam  is  admitted  to  one  end 
of  the  high-pressure  cylinder  the  exhaust  from  the  op- 
posite end  of  the  high-pressure  can  pass  over  into  the 
low-pressure  cylinder  to  use  its  power  in  the  same  direc- 
tion and  in  keeping  with  the  high-pressure.  Steam  leav- 
ing the  high-pressure  valve  and  entering  the  back  port 
in  the  high-pressure  cylinder  flows  to  the  forward  end 
of  the  cylinder  and  forces  the  piston  back.  After  its 
force  is  spent  it  is  exhausted  to  the  high-pressure  steam 
chest,  passing  through  the  center  of  the  hollow  high- 
pressure  valve  to  the  outer  back  edge  of  the  low-pres- 
sure valve,  enters  the  back  end  of  the  low-pressure  cyl- 
inder, and  after  its  force  is  spent  escapes  through  the 
exhaust  port  of  the  low-pressure  valve  to  the  atmos- 
phere direct. 

When  and  how  may  a  tandem  compound  be  operated 
as  a  simple  engine? 

Only  in  starting  or  when  there  is  a  possibility  of  stall- 
ing. It  can  only  be  operated  as  a  simple  engine  when 
the  starting  valve  is  used. 

What  steam  passages  have  communication  with  the 
starting  valves? 

The  high-pressure  steam  ports  and  the  passages  sur- 
rounding the  by-pass  valve. 

How  does  the  manipulation  of  the,  starting  valves 
cause  the'  engine  to  operate  as  simple? 

The  starting  valve,  which  is  operated  by  a  lever  in  the 
cab,  admits  live  steam  directly  to  the  low-pressure  ■  cyl- 
inder in  the  following  manner:  Steam  is  admitted  to 
the  high-pressure  steam  chest  through  the  short  stear.i 


LOCOMOTIVE    CATECHISM  63 

pipe  connecting  the  saddle  and  the  chest,  passing 
through  suitable  ports  and  around  by-pass  valves  which 
register  with  the  high-pressure  steam  polls.  The  by- 
pass valves  are  held  against  their  seats  by  the  pressure 
from  below,  which  is  in  direct  communication  with  the 
chest.  The  starting  valve,  having  thus  established  com- 
rnunication  with  both  high-pressure  steam  ports,  steam 
passes  through  both  hollow  piston  valves  and  is  admitted 
to  the  low-pressure  cylinder. 


What  other  valves  are  in  the  starting  valve  casting? 
The  by-pass  valve. 

How-  many   sight   feeds   to   lubricators  of  a   tandem 
compound,  and  what  do  they  lubricate? 
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There  are  generally  two  lubricators  each  with  a  double 
sight  feed  and  each  sight  feed  lubricating  only  one  of 
the  four  valves  and  pistons. 

How  should  the  oil  used  be  distributed? 


-a  i: 

ii 


When  the  engine  is  working,  the  high-pressure  should 
receive  the  greater  and  the  low-pressure  the  lesser  quan- 
tity, and  when  drifting  these  proportions  should  be 
reversed. 
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hausts  from  that  cylinder  through  a  large  low-pressure 
steam  pipe  called  the  receiver  and  extends  around  the 
inside  of  the  front  end  to  the  low-pressure  steam  chest 
and  cylinder  on  the  other  side  of  the  engine,  exhausting 
from  there  through  the  exhaust  pipe  and  nozzle. 

Regarding  a  Vauclain  compound? 

The  steam  and  exhaust  pipes  are  arranged  as  in  a 
simple  engine.  The  steam  from  the  front  side  of  the 
high-pressure  piston  exhausts  to  the  back  side  of  the 
low-pressure  piston  (on  the  same  side  of  the  locomo- 
tive). There  is  no  receiver  except  that  formed  by  the 
hollow  piston  valve. 

Explain  the  difference  between  a  four-cylinder  tan- 
dem and  a  Vauclain  compound  in  the  arrangement  of 
cylinders  ? 

The  tandem  has  one  cylinder  behind  the  other,  the 
Vauclain  Compound  has  one  cylinder  above  the  other. 

How  many  main  steam  valves  has  a  tandem  ? 

Four. 

How  many  has  a  Vauclain? 

Two. 

Why  are  the  low-pressure  cylinders  made  larger  than 
the  high-pressure  cylinders? 

To  obtain  the  necessary  area  so  that  the  less  pressure 
will  be  equally  as  effective  as  the  high-pressure  cylinder. 

Trace  the  passage  of  steam  from  boiler  to  atmosphere 
in  a  Vauclain  compound  engine,  and  state  the  difference 
when  working  simple. 

DVy  pipe  to  steam  pipe,  to  steam  chest,  past  the  ends 
of  the  piston  valve  to  the  high-pressure  cylinders;  from 
there  it  is  exhausted  through  the  hollow  piston  •valves  to 
the  low-pressure  cylinder,  thence  it  exhausts  around  the 
central  outside  cavity  to  the  exhaust  pipe  and  nozzle. 
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When  working  simple  live  steam  from  the  boiler  is  ad- 
mitted through  a  small  pipe  direct  to  the  low-pressure 
cylinder  and  exhausted  as  usual,  the  high-pressure  piston 
having  equal  pressures  on  both  sides  and  not  being  of 
any  effect. 

I  In  what  position   should  reverse  lever  and  simpling 

i  valve  be  when  drifting  down  grade? 

I  Lever  in  full  gear,  or  nearly  so,  starting  valve  open 

I  for  "simple." 

With  engines  which  do  not  have  lubricator  pipes  ex- 
tending to  low-pressure  cylinders,  what  should  be  done 
to  lubricate  low-pressure  cylinder  when  drifting? 
Work  a  little  steam  to  keep  them  lubricated. 
What  device   is   provided  on  some   engines   for   this 
purpose  ? 

Oil  pipes  also  leading  to  the  low-pressure  cylinders. 
How  would  you  test  for  valve  blow  in  a  Vauclain  com- 
pound ? 

Place  valve  in  central  position  covering  all  ports,  open 
the  throttle  which  admits  steam  to  the  ends  of  the  valve. 
If  the  two  extreme  end  rings  leak,  steam  will  blow 
steady  from  the  high-pressure  cylinder  cocks.  If  the 
two  inside  rings  leak,  there  will  he  a  blow  from  the 
exhaust  nozzle.  The  packing  rings  governing  the  low- 
pressure  cylinder  are  best  tested  by  placing  the  lever  in 
the  corner,  starting  valve  open  and  brakes  set.  Steam 
would  then  blow  through  the  exhaust. 

How  with  ajtandem? 

Place  the  engine  on  the  bottom  quarter,  block  wheels, 
cover  ports,  remove  the  indicator  plugs  on  the  high- 
pressure  cylinder,  give  the  engine  full  steam.  If  tight, 
it  shows  that  packing  rings  2  and  3  are  tight.  To  test 
the  low-pressure  valve,  open  the  starting  valve,  replace 
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the  indicator  plugs  in  the  high-pressure  cylinder  and 
remove  those  in  the  low-pressure  cylinder;  also  remove 
the  by-pass  valve  and  screw  the  cap  down.  Open  the 
throttle  and  any  blow  in  rings  5  and  8  will  appear  at 
the  exhaust. 

How  would  you  test  for  blow  in  high  and  low-pres- 
sure cylinder  packing  in  each  type  ? 


Both  engines  alike.  In  testing  for  high-pressure  cyl- 
inder packing,  place  the  reverse  lever  in  the  forward 
motion  opening  the  front  port  to  the  high-pressure 
cylinder.  With  starting  valve  closed  and  indicator  plug 
or  safety  valve  open  at  the  other  end  of  the  cylinder. 
Give  the  engine  steam  and  if  it  blows  it  will  be  due  to 
leaky  cylinder  packing  or  the  No.  7  valve  ring  blowing. 
To  determine  which  it  is,  make  a  similar  test  but  with 
the  reverse  lever  in  the  back  motion.  If  still  a  blow,  it  is 
the  high-pressure  cylinder  packing.  If  test  for  low-pres- 
sure cylinder  packing,  put  the  reverse  lewer  in  forward 
motion,  remove  only  the  back  indicator  plug  from  the 
low-pressure  cylinder,  open  the  starting  valve  and  see  if 
steam  blows  out  of  the  plug  hole. 
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How  can  a  blow  in  sleeve  between  high  and  low- 
pressure  cylinder  of  a  tandem  be  located? 

Shut  the  starting  valve  and  admit  steam  to  the  back 
end  of  the  high-pressure  cylinder.  If  the  steam  blows, 
it  will  show  at  the  front  low-pressure  cylinder  cock  or 
indicator  plug  and  also  blow  through  the  exhaust. 

How  would  you  set  a  slipped  eccentric  on  a  Vauclain 
compound,  or  a  tandem? 

The  same  as  with  a  simple  engine. 
•    In  case  it  was  necessary  to  disconnect  on  one  side  of  a 
Vauclain  compound,  how   would  you  cover  ports   and 
hold  valve  iii  position  ?    How  in  case  it  was  a  tandem  ? 

Place  valve  in  central  position  in  both  cases  and 
clamp  securely,  the  same  as  with  a  simple  engine. 

At  which  end  of  guides  would  you  block  the  cross- 
head,  and  why  ? 

Back  end,  usually,  because  if  it  should  get  away  the 
knocking  out  of  a  front  cylinder-head  is  less  serious. 

How  would  you  disconnect  a  Vauclain  compound  for 
a  broken -high-pressure  piston  rod?  How  for  a  low-pres- 
sure piston  rod  or  piston  ? 

If  too  heavy  to  take  down,  loosen  the  cylinder  head, 
remove  the  indicator  plugs  and  relief  valves  and  run  in 
slowly.  Disconnect  the  valve  on  that  side  and  clamp  it 
in  center. 

Explain  the  working  of  a  Vauclain  compound  with 
broken  ring  in  high-pressure  valve.  Also  in  low-pressure 
valve. 

A  broken  ring  in  the  high-pressure  cylinder  will  in- 
crease the  pressure  in  the  low-pressure  cylinder  on  that 
side  and  consequently  cause  a  heavier  exhaust.  A  leak 
through  the  low-pressure  packing  will  cause  a  blow  and 
besides  give  a  weaker  exhaust  than  should  be. 
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How  would  these  defects  be  detected  ? 

By  testing  for  blow  in  cylinder  packing. 

Is  there  any  difference  in  a  broken  front  or  back  ring? 

No. 

What  is  the  disadvantage  of  working  a  compound 
engine  simple  for  long  distances  or  when  unnecessary  ? 

Loss  of  fuel,  excessive  strains  and  wear,  and  it  would 
make  the  engine  logy. 

Why  is  it  necessary  to  sand  the  rail  before  starting  a 
compound  engine? 

Because  of  greater  liability  to  slip  due  to  the  greater 
power  when  temporarily  working  simple  in  starting. 

Is  it  a  disadvantage  to  work  a  compound  engine  at 
short  cut-off,  and  why? 

Yes,  on  account  of  excessive  compression  and  because 
the  work  of  the  two  cylinders  is  best  equalized  with  the 
lever  at  about  one-half  cut-off. 

When  engine  is  working  under  partial  load,  how  should 
reverse  lever  and  throttle  be  operated  as  compared  with 
a  simple  engine? 

About  half  stroke  and  only  as  light  a  throttle  as  re- 
quired. 

Why  is  it  more  important  to  have  cylinder  cocks  open 
when  starting  a  compound  engine  than  when  starting  a 
simple  engine? 

The  cylinders  are  larger  and  there  is  greater  liability 
of  doing  damage  with  water  in  them. 


OIL  BURNING  LOCOMOTIVES. 

Up  to  1901  the  use  of  oil  as  fuel  for  locomotives  in  the 
United  States  was  quite  limited;  but  the  recent  discov- 
ery of  the  great  petroleum  fields  of  Texas  and  Southern 
California  has  so  increased  the  visible  supply  that  oil  is 
now  much  more  widely  used  in  this  country  than  it  for- 
merly was.  Oil  versus  coal  as  fuel  is  in  fact  one  of  the 
live,  practical  railroad  problems  of  the  day.  All  roads 
have  considered  this  problem  in  a  more  or  less  systematic 
way,  and  not  a  few  have  to  a  greater  or  less  extent 
equipped  their  lines  with  oil-burning  locomotives,  oil  sup- 
ply tanks,  and  other  requisite  mechanical  appliances  for 
the  use  of  oil  as  fuel.  The  up-to-date  railroad  man, 
therefore,  must  knoW  all  about  the  oil-burning  locomo- 
tive— how  it  differs  from  the  coal  burner,  how  it  is  fired, 
how  operated,  etc. 

Petroleum,  or  'Vock  oil"  as  it  was  at  first  called,  was 
dis-covered  in  commercial  quantities  in  the  United  States 
about  1859.  Very  soon  afterwards,  experiments  Were 
begun,  to  find  some  practicable  way  of  using  the  new 
product  as  fuel  for  locomotives.  The  first  devices  were 
very  crude.  For  example,  in  two  locomotives  built  for 
the  Eastern  Railway  of  France,  the  oil  was  simply  al- 
lowed to  run  freely  in  grooves  on  the  top  of  the  grate 
bars,  which  sloped  toward  the  front  of  the  firebox,  and 
the  air  supply  came  up  between  the  bars  in  just  the  same 
way  as  when  coal  is  used. 

The  first  really  successful  oil-burner  was  made  in  Rus- 
sia.    It  was  invented  by  Thomas  Urquhart,  Locomotive 
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Superintendent  of  the  Grazi-Tsaritzin  Railway,  about 
1883.  This  device  was  one  of  the  first  to  use  a  jet  of 
steam  to  spray  or  atomize  the  oil  as  it  enters  the  firebox, 
and  this  same  principle  has  been  adopted  in  all  the  most 
successful  burners  that  have  since  appeared. 

Russia  is  the  greatest  oil-burning  nation  today.  The 
use  of  oil  as  locomotive  fuel  has  in  that  country  become 
more  general  than  in  any  other.  This  is  due  in  the  first 
place,  to  the  abundant  supply  of  fuel  oil  there  available, 
but  more  especially  to  the  peculiar  qualities  of  the  Rus- 
sian oil,  which  make  it  particularly  adapted  for  heating 
purposes.  With  the  largest  portion  of  American  petro- 
leum, 75  per  cent  is  capable  of  being  made  into  refined 
oil,  leaving  only  25  per  cent  of  residues.  In  Russia,  on 
the  other  hand,  these  figures  are  exactly  reversed:  only 
25  per  cent  is  made  into  refined  oil,  while  75  per  cent  is 
residues.    And  the  residues  are  what  is  burned. 


ADVANTAGES  OF  FUEL  OIL. 


The  relative  advantages  of  oil  and  coal  as  fuel,  depend, 
of  course,  on  the  question  of  their  relative  cost  in  use. 
In  estimating  this  cost,  various  things  besides  the  price  of 
the  fuel  have  to  be  taken  into  consideration — such  as  the 
savings  effected  in  repairs  to  engine  and  roadbed;  in 
labor,  cleanliness,  and  comfort;  in  lessened  liabilities  to 
damage  suits  from  setting  fires,  etc. 

One  pound  of  oil  will  generate  approximately  as  much 
heat  as  one  and  three-fourths  pounds  of  coal ;  but  when 
all  economies  are  taken  into  consideration,  it  is  estimated 
that 

I  lb.  oil  =  2  lbs.  coal. 
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From  experiments  made  by  the  Baldwin  Locomotive 

Works,  the  following  formula  has  been  deduced,  by  the 

use  of  which  can  be  calculated  the  price  one  would  have 

to  pay  for  oil  to  make  it  the  equivalent  of  coal  at  any 

given  price: 

Cost  of  coal  per  ton+Coat  of  handling  (say  60c.)X^0'7X7_ 
2, OOOX  Evaporative  power  of  coal 

Price  per  gallon  at  which  oil  will  be  the  equivalent  of  coal. 

In  using  above  formula,  the  cost  of  both  coal  and  oil 
is  considered  at  the  place  delivered  to  the  engine,  and 
not  at  the  place  where  purchased  by  the  railroad.  By 
"evaporative  power  of  coal"  is  meant  the  number  of 
pounds  of  water  evaporated  by  the  boiler  for  each  pound 
of  coal  burned;  this  varies  considerably  with  the  ratio 
of  heating  surface  to  grate  surface,  and  with  the  volume 
consumed  in  a  given  time;  and  may  range  from  5  to  12 
pounds. 

Example: — If  coal  can  be  delivered  to  tender  at  $3.00 
a  ton,  and  oil  would  cost  ij4  cents  a  gallon,  or  63  cents 
a  barrel  of  42  gallons,  which  is  the  cheaper  fuel?  An- 
swer:— Oil. 


Using  above  formula : 

Cost  of  coal 

$3-oo 

Cost  of  handling 

.50 

■ 

3.5oXio.7-$37.450 

10.7 

2450 

3500 

37.450X7— $262,150 

7 

262.150 
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Now,  suppose  evaporative  power  of  coal  is  6. 

2,000X6=12,000. 

$262.i50-M2,ooo=$.02i   (or  say  2  cents). 

12,000)  262.1 5o(. 0210 

24000 


22150 
12000 


1500 

That  is,  oil  at  2  cents  would  be  equal  to  coal  at  $3. 
If  oil  costs  over  2  cents  a  gallon,  coal  at  $3  a  ton  is  the 
cheaper  fuel;  but  if  oil  costs  less  than  2  cents  a  gallon, 
then  oil  is  the  cheaper  fuel. 


RELATIVE  VALUE  OF 

COAL 

AND 

OIL, 

ALL 

ASCERTAINED 

ECONOMIES 

CONSIDERKP. 

Oil 

per  Barrel  at 

Coal  per  Ton  at 

$0  20 

$0   65 

30 

98 

40 

I    30 

50 

- 

I    63 

60 

I    96 

70 

2   28 

80 

2   61 

90 

2  93 

I  00 

3  26 

I   10 

3  59 

I  20 

3  91 

I  30 
I  40 
I  SO 

4  24 
4  56 
489 

I  60 

5  22 

■ 

I  70 

5  54 

I  80 

587 

I  90 

2   CO 

6  19 
6  25 

OIL    BURNING    LOCOMOTIVES 


75 


The  above  table  showing  the  equivalent  values  of  oil 
per  barrel  and  coal  per  ton,  all  economies  being  taken 
into  consideration,  has  been  prepared  by  the  Baldwin 
Locomotive  Works  after  careful  investigation. 

In  performing  calculations  where  relative  weight  and 
volume  are  concerned,  the  following  table  showing  the 
equivalents  of  i  pound,  i  liquid  gallon,  i  barrel,  and  i 
gross  ton,  each  in  terms  of  the  rest,  will  be  found  useful : 

RELATIVE   WEIGHTS    AND   VOLUMES. 


Pound. 

U.  S.  Liquid 

Gal. 

Barrel. 

Gross  Ton. 

I 

.13158 

.0031328 

.0004464 

7.6 

I. 

.02381 

.003393 

319.2 

42. 

I. 

.1425 

2,240. 

294.72 

7.017 

I. 

As  already  intimated,  the  conditions  affecting  cost  of 
fuel  oil  have  undergone  changes  in  recent  years.  In  1900 
the  total  production  of  crude  oil  in  the  United  States 
was  over  63,360,000  barrels,  or  nearly  four  times  the 
production  of  1888.  In  1888,  certain  tests  made  by  the 
Pennsylvania  Railroad  Company,  as  described  by  Dr. 
Charles  B.  Dudley  before  the  Franklin  Institute  in  Phil- 
adelphia, showed  that  at  that  time,  with  oil  at  30  cents 
per  barrel,  it  actually  cost  nearly  50  per  cent  more  to 
take  the  same  train  of  cars  100  miles  by  means  of  oil 
than  by  means  of  coal.  Ten  years  later,  however — or  in 
1898 — the  report  of  the  Los  Angeles  Terminal  Railway, 
with  locomotives  burning  Los  Angeles  oil  at  75  cents  a 
barrel,  showed  that  the  cost  per  mile  amounted  to  ii.i 
cents,  as  against  28.3  cents,  the  average  cost  of  coal  for 
the  year  just  preceding  the  adoption  of  oil  as  fuel. 
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The  ordinary  run  of  California  crude  oil  will  show  in 
the  calorimeter  from  19,000  to  20,000  British  Thermal 
Units,  and  an  average  evaporation  of  from  13  to  14 
pounds  of  water  per  pound  of  oil,  from  and  at  212°  F. — 
an  efficiency  of  about  80  per  cent.  The  best  coal  obtain- 
able will  not  run  more  than  13,000  to  14,000  B.  T.  U., 
with  an  evaporation  of  from  10  to  12  pounds  of  water 
per  pound  of  fuel.  Oil-firing  can  therefore  get  out  of  a 
boiler  almost  25  per  cent  more  power  than  coal-firing. 

What  the  future  holds  in  store  for  oil  as  a  fuel,  is  not 
yet  settled  as  regards  the  Eastern  lines — ^those  in  the 
region  of  dear  oil  and  cheap  coal;  but  certainly,  on  the 
Western  lines,  oil-burning  has  now  passed  the  experi- 
mental stage,  and  nothing  short  of  exhaustion  of  the 
supply  could  turn  its  success  into  failure.  The  equipment 
of  the  Southern  Pacific  includes  over  900  oil-burning 
locomotives.  The  Santa  Fe  has  315  on  its  Coast  lines, 
and  about  200  on  its  Texas  lines.  The  Salt  Lake  Line 
has  75 ;  and  all  the  smaller  lines  in  California  are  using 
oil  as  fuel  exclusively.  The  total  number  of  oil-burning 
locomotives  in  the  United  States  in  1906  was  estimated 
at  1,800. 

The  following  are  claimed  as  advantages  of  oil  over 
coal  as  fuel: 

(i)  Less  waste  of  fuel.  With  ordinarily  constructed 
locomotives,  working  pretty  hard  and  using  a  violent  ex- 
haust, it  is  estimated  that  from  15  to  25  per  cent  of 
the  coal  escapes  combustion,  but  with  oil  the  combustion 
is  practically  complete. 

(2)  Economy  in  handling  fuel.  Oil  can  be  run  into 
tank  on  tender  from  standpipe,  same  as  water,  and  sup- 
plied to  firebox  by  turning  a  valve  always  within  fire- 
man's reach. 
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dently  because  of  the  Jieat  being  most  intense  at  that  part 
of  the  firebox. 

(6)  Economy  in  cleaning  engines,  due  to  absence  of 
smoke  and  cinders  around  engine. 

(7)  Less  waste  of  steam  at  safety  valve.  It  is  esti- 
mated that  in  ordinary  locomotive  practice  the  waste  of 
steam  at  the  safety  valve  (which  is  equivalent  to  a  waste 
of  fuel)  is  about  5  per  cent;  but  on  an  oil-burning  loco- 
motive, with  proper  care  on  the  part  of  the  fireman,  there 
need  be  no  waste  of  steam  at  all  at  the  valve. 

(8)  Economy  in  cleaning  ballast.  Cinders  thrown 
from  stack  in  coal-burning  locomotives,  choke  *up  ballast 
in  roadbed,  especially  stone-ballast,  interfering  with 
drainage,  and  necessitating  expenditure  for  cleaning. 

(9)  Economy  of  space  in  storing  and  carrying  fuel. 
As  the  weight  of  oil  used  by  a  locomotive  for  a  given 
distance  is  about  one-half  the  weight  and  bulk  of  coal 
for  the  same  distance,  the  use  of  oil  effects  a  saving  not 
only  in  space  but  in  the  dead  weight  hauled;  or,  with 
the  same  weight  of  oil  as  of  coal,  fuel  for  a-  much 
longer  run  is  carried. 

(10)  No  fires  from  sparks.  In  using  oil,  there  are 
no  burning  sparks  or  cinders  to  set  fire  to  buildings, 
bridges,  or  other  property  along  the  track. 

(11)  Greater  cleanliness  and  comfort  for  passengers, 
owing  to  absence  of  smoke  and  cinders — a  point  appre- 
ciated by  the  traveling  public,  and  tending  to  increase 
traffic. 

(12)  Possibility  of  Mtilizing  more  of  the  heat.  Boiler 
flues  must  be  large-  enough  to  avoid  becoming  choked 
up  with  cinders.  In  coal-burning  locomotives,  they  range 
from  i^  to  2  inches  in  diameter.  If  oil  is  used  the  flues 
may  be  made  much  smaller,  and  also  be  increased  in 
-number,  thus  increasing  the  extent  of  heating  surface. 


OIL-BURNING  LOCOMOTIVES. 

HOW  CONSTRUCTED,  FIRED,  AND  OPERATED. 

In  Fig.  38  is  shown  a  coal-burner  converted  into  an 
oil-burner.  The  positions  of  th«  various  parts  of  the 
oil^burning  fittings  are  indicated.  The  cost  of  converting 
a  coal-burning  locomotive  into  an  oil-burner  averages 
from  $500  to  $700,  the  chief  item  being  the  tender  oil- 
tank,  which  has  a  capacity  usually  of  from  2,000  to  3,500 
gallons. 

When  a  coal-burner  is  changed  to  an  oil-burner  the 
rates  and  grate  frame  are  first  removed.  The  ash  par 
is  then  remodeled  by  putting  in  a  casting  which  fits  the 
inside  of  the  pan,  which  is  riveted  on  the  sides  near  the 
top.  This  serves  as  a  support  for  the  brickwork  of  the 
sides  of  the  firebox  because  it  is  cored  out  enough  to 
admit  just  enough  air  for  the  proper  combustion  of  the 
oil  in  the  firebox.  The  brick  arch  is  usually  built  as  low 
as  possible,  the  chief  purpose  being  to  protect  the  crown 
sheet,  crown  bolts  and  seams  from  overheating.  The  oil 
burner  is  secured  to  the  bottom  of  the  mud  ring  exactly 
central  and  is  placed  at  an  angle  so  the  jet  or  spray  of  oil 
will  strike  just  below  or  under  the  arch.  Details  of  the 
arrangements  of  piping  and  brickwork  of  an  oil-burning 
locomotive  are  shown  in  Figs.  37  and  48. 

Ordinary  commercial  fire  brick  is  used  for  side  walls 
and  inverted  arch.  Experience  proves  that  fire  bricks 
which  soften  under  heat  are  preferable  as  they  form  a 
bond  which  adds  strength  to  the  wall  and  prevents  it 
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shattering  under  shocks.  Fire  bricks  having  very  high 
heat-resisting  qualities  and  claimed  to  crack  when  cool- 
ing are  claimed  to  be  of  little  use. 


THE  BURNER  OR  ATOMIZER, 

One  of  the  principal  devices  of  an  oil  burning  locomo- 
tive is  the  burner  or  atomizer,  of  which  several  designs 
are  illustrated  in  Figs.  39,  40,  41,  42,  43  and  47. 

Burners  are  of  two  general  types,  known  as  "outside" 
or  "inside"  mixers,  according  to  whether  the  steam  jet 
used  for  vaporizing  or  spraying  the  oil  is  brought  into 


Figure   40.     Detalla   of   "Sbeed;"    On-Burnei^Southern    PaclQc. 

contact  with  it  in  the  air  after  both  have  left  the  burner, 
or  whether  this  takes  place  inside  the  burner.  Outside 
burners  of  the  Booth  type  {Fig.  39)  are  used  exclusively 
on  the  Sante  Fc  ;  and  inside  burners,  'Sheedy"  type  (Fig, 
40),  arc  standard  on  the  Southern  Pacific  The  "Ham- 
mel"  type  (Fig.  41),  used  on  the  Salt  Lake,  is  also  an 
inside  burner.  Both  types  seem  to  give  thorough  satis- 
faction, so  that  the  question  which  design  to  use  does 
not  seem  to  be  of  vita!  importance. 
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Steam  passage  is  directly  underneath  the  mouth  of  the 
oil  passage  and  the  effect  of  the  steam  pressure  is  to 
spray  the  oil  as  it  flows  from  the  upper  passage. 

In  the  SouUiern  Pacific  burner  (Fig.  40),  there  are 
three  passages:  one  for  oil,  one  for  steam,  one  for  air. 
Oil  enters  rear  of  burner  from  above,  air  is  conveyed 
from  below  through  a  narrower  passage  to  a  common 
mouth  just  behind  which  terminates  a  central  tube  sup- 
plying steam.  The  mixture  of  oil,  air  and  steam  is  there 
sprayed  into  the  firebox  through  one  nozzle.  In  the 
Southern  Pacific  arrangement  the  burner  is  located  near 
the  upper  part  of  the  bricked  portion  of  the  firebox,  prob- 
ably for  the  reason  that  the  form  of  nozzle  causes  the 
spray  to  be  thrown  down  as  well  as  up. 


Figure  44.     Baldwin  Feed-Cock. 

The  openiag  in  the  plug,  being  square,  retains  its  angular  form  and 
permits  of  very  fine  feed  adjustment. 

The  type  of  burner  used  by  the  Baldwin  Locomotive 
Works  is  rectangular  in  cross-section,  with  two  separated 
channels  (one  above  the  other)  running  its  entire  length 
(Fig.  43).  Oil  from  the  reservoir  is  admitted  through 
a  pipe  into  the  upper  channel,  its  flow  being  controlled 
by  a  plug  cock  in  the  feed  pipe,  operated  by  a  handle 
within  easy  reach  of  the  fireman  in  the  cab.  Steam  is 
admitted  to  the  lower  port  of  the  burner  through  a  pipe 
connected  to  the  boiler  in  such  a  manner  as  at  all  times 
to  insure  the  introduction  of  dry  steam.     The  valve  con- 
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With  the  Lassoe-Lovekin  burner  (Fig,  47),  a  special 
type  recently  developed  and  tested  on  the  Santa  Fe  Coast 
Lines — all  brickwork  is  done  away  with,  except  a  cover- 
ing for  the  bottom  of  the  ashpan.  The  oil  is  taken  from 
the  tank  by  means  of  a  pump  and  delivered  to  the  burner 
under  a  pressure  of  120  pounds,  being  sprayed  into  fire- 
box from  back  end. 


The  general  arrangement  of  the  firebox  as  adopted  by 
the  Baldwin  Locomotive  Works,  is  illustrated  in  Fig.  48. 
The  burner  is  placed  below  the  mud  ring  at  the  back 
and  on  a  line  with  the  center  of  the  boiler,  and  is  pointed 
upward  at  a  slight  angle.  A  firebrick  arch  at  front  of 
firebox  protects  tubes  and  gives  direction  to  heated  gases, 
insuring   their   mingling   with   the   incoming   air.     The 
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throat  sheet  below  the  arch  is  protected  with  a  wall  of 
firebrick.     A  layer  of  the  same  material  is  placed  on  the 

grate-bars  (or  equivalent  supports),  extending  back  from 
the  front  wall,  and  covering  about  half  the  bottom  area 
of  the  furnace.  A  firebrick  hearth  is  placed'  under  the 
burner  to  catch  any  oil  which  may  drop  from  it.  A 
course  of  brick  is  also  placed  on  each  side,  sufficiently 
high  to  protect  the  side  sheets  from  excessive  heat.  A 
device  corresponding  to  the  ashpan  of  an  ordinary  loco- 
motive is  fitted  with  a  damper,  preferably  at  the  back,  to 
govern  the  admission  of  air.     This  is  made  as  large  as 


possible,  with  heavy  frame,  and  is  arranged  to  close  per- 
fectly air-tight  so  as  to  avoid  loss  of  heat  by  circulation 
of  cold  air  through  the  firebox  and  tubes  when  the  oil- 
supply  is  cut  ofif.  The  firedoor  may  be  retained,  provided 
its  joints  are  perfectly  air-tight;  or  a  plate  with  a  con- 
venient sight-hole  may  be  used  instead.  In  either  case 
the  inner  surface  of  the  door  is  protected  by  firebrick  to 
avoid  liability  of  warping  the  metal. 

In  boilers  with  the  \''anderbilt  type  of  firebox,  which 
is  circular  in  cross- section,  being  rolled  in  the  form  of 
a  large  corrugated  tube,  the  arrangement  of  the  firebrick 
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the  fire-door  through  which  sand  is  blown  by  steam  with 
force,  through  the  flues  carrying  with  it  the  accretions 
of  soot.  '  This  funnel  is  shown  in  detail  in  Fig.  51. 

The  oil  reservoirs  or  tanks  are  made  to  apply  to  coal 
burner  tank,  one  of  which  is  made  V-shaped  to  fit  in  coal 
space,  in  height  to  be  made  flush  with  top  of  tank.  The 
other,  or  large  tank,  rectangular  in  shape,  is  made  to  fit 
on  top  of  water  tank,  making  perfect  joint  by  connecting 
with  small  or  V-shaped  tank  above  mentioned. 

These  two,  or  pair  of  tanks,  have  a  capacity  of  eight 
tons  fuel  oil.  They  are  firmly  anchored  to  water  tank 
and  tank  frame.  There  is  but  one  manhole  for  oil,  and 
that  is  located  on  top  of  rectangular-shaped  tank  imme- 
diately over  the  joint  or  opening  in  small  tank  in  coal 
space. 

Each  tank  is  fitted  with  automatic  safety  valve,  with 
small  chain  or  rope  connection  to  the  back  of  engine  cab, 
with  spring  key  which  passes  through  upright  rod  of 
safety  valve ;  in  case  of  break-in-two  between  engine  and 
tender  this  rope  or  chain  pulls  spring  key  out  of  rod, 
when  safety  valve  will  close  automatically  and  stop  feed 
or  flow  of  oil  from  tank.  An  additional  automatic  or 
safety  valve,  also  connected  to  engine  by  chain,  is  located 
in  outlet  oil  pipe  between  tank  and  burner,  which  in  case 
of  break-in-two  is  automatically  closed. 

Heater  pipes  are  placed  in  oil  tank  to  reduce  oil  to 
proper  consistency  in  cold  weather. 

There  are  a  great  variety  of  oil  burners ;  with  some  it 
is  necessary  to  have  a  separate  heater  box,  others  are 
made  with  heater  box  and  burner  combined. 

In  localities  where  heavy  oil  is  used  it  is  necessary  to 
carry  about  five  pounds  pressure  in  oil' tanks  to  facilitate 
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proper  feed  of  oil.    With  light  gravity  and  in  warm 
weather  pressure  in  tank  is  not  necessary. 

When  new  engines  are  furnished  and  built  as  oil  burn- 
ers, they  are  generally  equipped  with  what  is  known  in 
Southern  California  as  Standard  Combination  Oil  and 
Water  Tank.  These  are  constructed  with  oil  tank  sub- 
merged inside  water  tank. 

Another  authority  says:  To  change  from  coal  to  oil 
fuel  the  grates  are  taken  out  and  a  cast-iron  plate  is 
placed  4  to  6  inches  below  the  mud  ring,  extending  over 
the  entire  space  under  the  firebox.  This  plate  has  three 
openings  for  air  to  come  up  into  the  firebox,  9x15  inches, 
one  of  these  air  openings  being  in  the  middle  of  the  fire- 
box, one  near  the  front  end  and  one  near  the  back  end. 
This  plate  is  protected  from  the  heat  of  the  fire  above 
by  a  covering  of  firebrick.  The  ash  pan  and  dampers  are 
left  the  same  as  a  coal  burner.  The  sides  of  the  firebox 
are  also  protected  from  the  direct  force  of  the  intense 
heat  by  a  firebrick  wall  about  5  inches  thick,  which  comes 
up  to  the  flues  in  front,  up  above  the  flare  of  the  firebox 
on  the  sides  and  to  the  bottom  of  the  door  at  the  back. 
There  is  a  brick  arch  extending  across  the  firebox  from 
side  to  side,  reaching  back  well  towards  the  door,  just  the 
same  as  in  a  soft  coal  burner.  Some  engines  also  have 
a  narrow  arch  just  under  the  door,  which  serves  to  keep 
the  intense  heat  from  the  door  ring. 

The  side' walls  of  brick  in  the  box  do  not  last  long, 
some  of  them  not  over  three  weeks.  They  can  be  patched 
by  putting  in  new  brick  when  holes  are  found  in  the  old 
ones.  Generally  a  whole  new  wall  is  put  in  at  a  time. 
With  the  oil  burners  the  crown  sheet  lasts  about  as  long 
as  with  coal,  but  the  side  sheets,  even  with  the  protection 
of  the  brick  walls,  give  out  at  the  flare  of  the  box,  near 
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the  door  and  at  the  top  of  the  brick  walls  on  the  sides. 
The  staybolts  behind  the  brick  walls  leak  some,  but  it  does 
not  seem  to  affect  the  streaming ;  the  water  runs  down  the 
sheet  into  the  pan  if  it  is  not  all  evaporated  at  once. 
When  the  flues  of  an  oil  burner  begin  to  leak  badly  they 
soon  stop  up,  and  she  dies  in  short  order.  In  this  they 
are  different  from  coal  burners. 

The  atomizer  which  separates  the  oil  into  a  fine  spray 
and  blows  it  into  the  firebox  is  located  just  under  the 
mud  ring,  pointing  a  little  upward,  so  the  stream  of  oil 
spray  and  steam  would  strike  the  opposite  wall  of  the 
box  a  few  inches  above  the  bottom,  if  it  was  to  fly  clear 
across  the  box.  Deep  fireboxes  have  the  atomizer  at  the 
back  end  of  the  box,  while  the  shallow  and  long  fire- 
boxes have  it  located  at  the  front  end,  pointed  back.  The 
shallow  boxes  have  the  same  arrangement  of  side  walls 
that  the  deep  ones  have,  but  the  arch  is  put  in  differently ; 
some  of  them  have  three  small  arches  extending  from 
side  to  side,  but  lapping  over  each  other  from  front  to 
back,  so  as  to  divide  the  current  of  flame  and  heat  into 
several  parts  and  thus  distribute  it  over  the  long,  shallow 
'box  more  evenly.  A  good  deal  depends  on  the  size  and 
position  of  the  arch,  which  has  the  same  effect  on  the 
steaming  of  an  oil  burner  that  the  diaphragm  in  the  front 
end  has  on  the  draft  of  a  coal  burner.  No  air  is  admitted 
above  the  fire  of  the  atomized  oil. 

The  atomizers  (one  for  each  engine  is  used)  are  of 
brass,  12  inches  long,  4^4  inches  wide  from  side  to  side 
and  2  inches  thick  from  top  to  bottom,  divided  into  two 
parts  by  a  partition  in  the  middle.  Steam  comes  into  the 
bottom  part,  heats  the  atomizer  and  issues  through  a  slit 
1-32  by  4  inches.  The  oil  flows  into  the  top  part  of  the 
atomizer  over  the  hot  partition,  and  on  running  out  of 
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the  front  end  is  caught  by  the  steam  issuing  from  the  slit 
in  the  bottom  part,  and  is  sprayed  into  the  fire,  which 
when  the  engine  is  working,  is  a  mass  of  flame,  filling 
the  firebox  under  the  arch,  and  most  of  the  time  the  whole 
box.  If  the  supply  of  oil  fed  in  is  more  than  can  be 
consumed  in  the  box  you  will  occasionally  see  little  flashes 
of  flame  at  the  top  of  the  stack. 

The  supply  of  steam  and  oil  to  the  atomizer  is  regu- 
lated by  the  fireman  from  the  cab,  and  handles  for  the 
steam  and  oil  supply  valves  being  placed  where  he  can 
have  his  hands-on  them  when  on  his  seat  box.  He  is 
located  where  he  can  see  the  gauge  clearly,  and  as  he 
sometimes  pumps  the  engine  with  the  left-hand  injector, 
it  has  to  be  handy  also. 

Before  the  oil  is  fed  into  the  atomizer  it  passes  through 
a  small  heater  made  of  brass,  having  a  steam  pipe  through 
it ;  this  same  steam  pipe  also  leads  to  a  coil  in  the  bottom 
of  oil  tank  to  warm  the  oil  so  it  will  flow  easily.  The  oil 
on  the  Pacific  Coast  is  not  at  all  like  the  fuel  oil  we  get 
from  Indiana  or  the  Lima  field.  Some  of  it  has  a  gen- 
erous portion  of  thick  stuff  like  asphaltum  in  it,  so  it  does 
not  flow  very  easily ;  while  other  kinds  are  thin  as  water, 
and  almost  as  clear. 

The  oil  tank  is  located  in  the  pit  of  the  water  tank, 
where  we  usually  carry  coal.  In  the  tenders  built  espe- 
cially for  oil  burners  the  oil  tank  is  surrounded  by  the 
water.  An  air  pipe  leads  from  the  main  reservoir  to  the 
oil  tank,  with  a  reducing  valve  similar  to  the  one  used 
in  the  air  signal  line,  but  with  a  different  spring  box, 
so  as  to  reduce  the  very  high  main  reservoir  pressures 
carried  on  the  mountain  engines  down  to  4  pounds,  which 
is  maintained  in  the  oil  tank,  so  the  oil  comes  out  freely. 
Self-closing  valves  are  provided  to  shut  0-7  the  flow  of 
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oil  in  case  the  engine  breaks  loose  from  the  tender,  as 
in  case  of  accident  the  oil  flowing  into  the  wreck  would 
rnake  a  bad  matter  worse.  The  exhaust  tip  is  about  the 
same  size  as  the  engine  would  have  if  she  was  burning 
good  coal.  Some  of  the  engines  have  no  changes  made 
in  the  front  end  except  to  take  out  the  netting;  others 
have  a  low  nozzle  and  petticoat  pipe  put  in  instead  of  high 
nozzle  and  a  diaphragm  or  apron.  I  was  somewhat  sur- 
prised at  this,  as  it  would  seem  that  more  air  could  be 
drawn  into'the  box  through  three  openings  9x15  inches  in 
size  than  could  come  through  a  coal  fire.  Another  sur- 
prise was  the  fact  that  oil  burners  make  considerable 
smoke,  although  it  was  stated  by  some  of  the  enginemen 
that  if  properly  handled  they  would  make  no  smoke; 
others  said  it  was  no  harm  if  they  made  a  little  smoke 
at  times.  The  oil  makes  a  sort  of  sticky  deposit  in  the 
flues,  which  soon  coats  them  and  interferes  with  the 
steaming.  To  cure  this  difficulty,  the  fireman  sticks  a 
long  funnel  through  a  hole  in  the  firebox  door  made  for 
that  purpose,  and  gives  the  flues  a  dose  of  about  four 
quarts  of  sand,  which  is  drawn  through  the  flues  and 
scours  them  out.  When  this  sand  goes  through,  a  black 
cloud  comes  out  of  the  stack  as  thick  as  from  any  soft 
coal  burner. 

If  this  oil  could  be  vaporized  by  heat  as  easily  as  it  is 
atomized  by  steam,  that  is,  changed  into  a  gas  instead  of 
a  spray,  like  gasoline  is  burned,  it  might  be  made  smoke- 
less; but  the  oil  has  a  heavy  residuum  in  it  that  cannot 
be  vaporized  very  well.  Then,  the  changing  conditions 
under  which  the  engine  is  worked  interfere  with  perfect 
combustion.  At  one  time,  when  working  hard,  a  large 
stream  of  oil  flows  into  the  atomizer ;  when  switching  or 
running  shut  off  a  very  little  is  used ;  so  the  fireman  has 
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to  open  and  close  the  oil  supply  valve  with  every  change 
in  the  work  of  the  engine.  As  there  is  no  bed  of  live 
coal  to  hold  back  the  air,  just  enough  oil  must  be  admitted 
and  burned  to  heat  all  the  air  drawn  in  by  the  exhaust, 
for  if  this  air  struck  the  flues  cold,  as  it  would  be  sure  to 
do  if  too  small  a  supply  of  oil  was  burning,  the  cold 
air  would  soon  set  the  flues  leaking. 

When  these  oil  burners  are  in  good  order  and  properly 
handled  it  is  astonishing  how  they  will  steam.  When 
working:  on  a  hill  with  a  full  train  and  a  steady  pull  for 
21  miles,  a  ten- wheel  Baldwin  with  2ix28-inch  cylinders 
and  56-inch  drivers  would  pick  right  up  with  both  injec- 
tors on  full,  and  these  injectors  large  enough  so  one  of 
them  would  ordinarily  supply  her.  Of  course,  if  not 
properly  handled,  oil  burners  will  lag  on  their  steam,  but 
ordinarily  they  steam  "like  a  house  afire,*'  as  one  of  the 
firemen  expressed  it. 

Firing  one  of  them  is  not  the  soft  snap  some  imagine 
because  there  is  no  coal  to  handle.  The  fireman  must 
stay  on  his  box,  with  his  hand  on  the  handle  of  the  oil 
supply  valve,  which  is  like  the  handle  of  F-6  brake  valve, 
and  has  very  fine  notches  in  the  quadrant  or  ledge;  he 
watches  the  gauge  and  the  engineer  and  regulates  the 
supply  of  oil  to  suit  the  work.  When  running  shut  oflf  or 
switching  at  stations,  it  is  a  difficult  matter  to  allow 
enough  oil  to  go  to  the  atomizer  to  keep  the  fire  alive  and 
yet  not  have  too  much. 

There  is  a  good  deal  of  water  in  the  oil,  and  they  are 
so  near  the  same  specific  gravity  that  the  water  comes 
through  with  the  oil.  When  a  charge  of  water  comes 
through  the  fire  goes  out  for  an  instant,  but  lights  up 
again  when  tlje  oil  comes  again.  The  end  of  the  supply 
pipe  for  the  oil  is  located  a  little  way  above  the  bottom 
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of  the  oil  tank,  so  as  to  draw  oil  only,  but  the  water 
comes  in  also.  There  is  a  drain  pipe  in  the  bottom  of  the 
oil  tank,  which  can  be  opened  at  any  time  to  drain  off  the 
water. 

Several  forms  of  atomizers  are  used,  but  most  of  them 
follow  a  general  principle.  One  form  has  an  air  draft  in 
with  the  oil,  which  helps  the  work  of  the  atomizer,  while 
another  has  no  air  openings  in  it. 

At  terminals  there  is  no  waiting  to  clean  fires,  arches 
or  flues  before  the  engine  can  go  back.  If  the  machinery, 
is  all  right  they  take  oil  and  water  at  the  same  time,  and 
the  engine  is  ready  to  go  out,  which  is  a  saving  when 
short  of  power.  The  oil  is  fed  into  the  tender  from 
elevated  tanks  just  the  same  as  water,  and  as  quickly. 
Storage  tanks  are  located  along  the  road  where  needed, 
the  same  as  coal  chutes. 


FIRING   WITH    LIQUID   FUEL. 

An  impression  prevails  that  on  locomotives  burning 
liquid  fuel  the  fireman  has  nothing  to  do  but  open  the 
valve  admitting  the  oil  and  the  burners  will  do  the  rest. 
The  instructions  issued  by  the  Southern  Pacific  indicate 
that  care  and  skill  are  requisite  to  burn  liquid  fuel  prop- 
erly.   They  are  as  follows : 

"Before  departure,  see  that  oil  tanks  are  full,  oil  heater 
in  operation  and  oil  heated  to  proper  temperature  as  soon 
as  possible ;  also  that  fire  is  burning,  that  no  oil  is  drop- 
ping or  lying  in  outer  pan,  and  that  no  brick  or  other 
obstruction  to  the  free  passage  of  oil  from  the  burner  to 
front  wall  is  lying  on  bottom  of  inner  pan,  and  that  sand 
buckets  are  full. 
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"Starting  the  Fire. — When  firebox  is  below  igniting 
point,  which  is  a  dull  red,  open  dampers,  start  blower 
and  atomizer  medium  hard,  throw  a  piece  of  saturated 
oily  waste,  after  lighting  same,  on  to  the  bottom  of  inner 
pan ;  close  and  fasten  firebox  door,  then  turn  on  oil  very 
light,  and  see  if  it  ignites  at  once.  If  not,  shut  oif  oil 
at  once,  and  see  if  waste  is  burning.  When  oil  has  ignited, 
reduce  blower  and  atomizer  to  very  light  feed,  also  reduce 
oil  flow  until  stack  becomes  almost  clear.  Starting  the 
fire  by  the  hot  firebox,  no  waste  is  used. 

'Temperature  of  Oil. — Kern  River  or  thick  oil  to  be 
heated  to  from  150  to  170  degrees,  McKittrick  or  thin  oil 
from  100  to  120  degrees;  temperature  to  be  taken  from 
measuring  rod  suspended  in  forward  tank.  Vents  on  top 
of  oil  tanks  to  be  kept  open  at  all  times,  except  when 
tanks  are  very  full  and  oil  is  liable  to  splash  out,  they  may 
be  closed  until  oil  is  reduced  from  5  to  7  inches  in  tanks, 
care  being  taken  not  to  have  any  lights  in  hands  when 
they  are  first  opened  after  having  been  closed  any  length 
of  time. 

'^Heating  Oil  by  Direct  Steam  Application. — Put 
.heater  on  strong  until  oil  has  reached  the  proper  temper- 
ature, then  close  it  off,  give  it  another  application.  To 
keep  the  heater  on  light  and  constant  might  produce  water 
enough  in  oil  to  become  objectionable. 

"Heating  by  the  Coil  in  Tank. — Open  cock  on  boiler 
head  just  sufficient  to  produce  steam  water  at  drain  cock 
under  tank.  Superheater  should  be  used  constantly  when 
weather  is  any  way  chilly.  Keep  drain  cock  to  super- 
heater open  just  sufficient  to  keep  cylinder  dry. 

''Starting  Train  or  Engine. — Engine  should  not  be 
started  until  fireman  is  at  firing  valve.  Remember  that 
the  care  of  firebox  is  an  important  as  keeping  up  steam 


)4  MECHANICAL  EXAMINATIONS 

closed  and  oil  reduced,  the  atomizer  must  be  cut  down 
once,  so  it  will  just  keep  oil  from  dropping  on  bottom, 
inner  pan,  otherwise  the  intense  heat  of  the  firebox  will 
■  blown  down  through  air  inlet  burning  bottcwns  of 
.ns, 

"Never  allow  fire  to  be  put  entirely  out,  except  when 
ving  up  engine  at  end  of  run  or  when  all  hands  are 
ling  away  from  engine.  Then  it  must  be  put  out.  To 
It  out  fire,  first  close  stop-cock  under  tank,  allow  oil  to 
I  be  drawn  from  pipe  and  burner,  then  close  firing 
Ive,  atomizer  and  all  dampers.  To  blow  obstruction 
jm  oil  line,  close  firing  valve,  open  cock  between  heater 
le  and  oil  line,  close  heater  line  and  turn  cock  on  boiler 
ad  to  heater  line  on  full.  This  will  blow  all  obstruc- 
ins  back  in  tank.  This  arrangement  may  be  used  to 
at  oii  in  tank  in  case  of  failure  of  coal  heater.  If  any 
ick  from  walls  or  arches  in  firebox  should  fall  in  front 
burner,  it  must  be  removed  at  once  or  pushed  to  the 
treme  front  of  firebox.  Blue  gas  issuing  from  stack 
indication  that  the  fire  is  out  or  very  nearly  so.  It  is 
ry  objectionable  and  should  be  avoided  if  possible, 
jecially  so  on  passenger  trains. 

"Burners  must  be  adjusted  so  that  oil  will  strike  about 
ddle  of  front  wall.  If  oi!  drags  on  bottom  of  pan, 
ick  smoke  and  poor  steam  will  result.  Burners  are 
We  to  clog  up  with  sand  that  is  in  oil  and  by  pieces 
waste  that  are  sucked  up  by  air  inlet.  If  trouble  is 
ind  with  it,  the  inner  case  or  steam  jet  can  be  taken 
t  in  most  cases  without  disturbing  the  outer  case  or 
justment  of  burner.  In  this  manner  any  obstruction 
defect  may  be  readily  located  and  remedied.  The 
iwer  must  never  be  used  stronger  than  just  sufficient 
clear  stack  of  black  smoke    Any  more  is  only  a  waste 
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of  fuel  and  a  delay,  as  too  strong  a  draft  through  fire- 
box for  the  amount  of  oil  admitted  only  absorbs  heat 
and  cools  instead  of  heating  firebox.  At  water  tanks, 
where  it  is  necessary  to  keep  injector  on  all  the  time 
the  train  is  standing,  the  oil  supply  must  be  left  on  a 
little  heavy  and  blower  on  lightly.  This  will  insure  a 
full  head  of  steam  when  ready  to  start.  As  the  oil  pene- 
trates the  arch  brick  and  causes  them  to  crumble  away 
very  fast,  it  is  important  to  examine  firebox  frequently 
to  know  condition  of  it.  As  steam  pressure  increases  on 
boiler,  atomizer  and  blower  will  work  stronger  unless 
they  are  cut  down.  Be  governed  accordingly.  Also  re- 
member that  black  smoke  is  very  detrimental  to  steam 
generating,  and  that  the  more  that  is  made,  the  more 
it  becomes  necessary  to  make." 

'  To  burn  oil  successfully  no  smoke  must  be  made,  as 
this  lays  a  coat  of  soot  on  flues  and  sheets,  which  keeps 
the  heat  away.  It  may  be  asked  why  does  soot  accumu- 
late on  flues  more  with  oil  fuel  than  it  does  with  coal? 
Simply  because  with  coal  you  have  cinders  and  particles 
of  coal  to  keep  it  cut  off,  while  with  oil  you  have  nothing 
passing  through  the  flues  but  smoke,  heat  and  gases. 
But  sand  is  carried  along  for  this  purpose.  If  flues  be- 
come sooted  a  quart  or  so  is  put  into  the  firebox  while 
the  engine  is  working  hard  and  is  drawn  through  the 
flues  at  a  high  velocity,  cutting  the  soot  off  to  a  great 
extent.  When  the  throttle  is  closed  and  the  fire  being 
cut  down  great  care  must  be  exercised  or  fire  will  be 
put  entirely  out  and  this  is  what  makes  oil  fuel  so  hard 
on  fireboxes.  Going  into  stations  where  stops  are  to  be 
made,  the  sheets  are  expanded  with  the  intense  heat,  and 
the  careless  fireman  in  cutting  down  his  fire  puts  it  en- 
tirely out.    Take  in  consideration  natural  draft  and  add 
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to  it  velocity  of  moving  train,  and  pump  exhaust,  all 
drawing  cold  air  through  firebox,  cooling  sheets  and  flues, 
and  the  consequences  are  sure  to  be  disastrous  to  them. 
Of  course,  burning  oil  in  locomotives  is  in  its  infancy, 
and  there  is  room  for  a  great  deal  of  improvement,  but 
considering  the  length  of  time  we  have  been  at  it,  it  cer- 
tainly is  remarkable  to  see  how  those  engines  go  up  the 
hill  with  their  heavy  trains,  with  plenty  steam  and  no 
smoke,  no  dust,  no  cinders  and  no  sweating  fireman. 
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throttle,  and  the  fire  burning  before  any  cold  air  is  drawn 
into  the  firebox  by  the  exhaust.  In  opening  the  valve  the 
flow  of  oil  should  be  gradually  increased  as  the  engineer 
increases  the  working  of  the  engine.  If  this  rule  is 
carried  out  it  will  in  a  great  measure  prevent  leaky  flues, 
crown  and  stay  bolts.  Fireboxes  can  be  easily  damaged 
by  over-firing. 

In  a  coal  burner  if  an  engine  drops  back  five  or  ten 
pounds  pressure  it  takes  some  little  time  to  regain  it ;  in 
an  oil  burner  the  fire  can  be  crowded  so  as  to  bring  it  up 
almost  instantly  and  thereby  overheat  the  plates  and 
cause  damage  to  the  firebox.  The  practice  should  be  to 
consume  about  as  much  time  in  bringing  up  steam  on 
an  oil  burner  as  would  be  taken  with  a  coal  burner ;  too 
much  care  cannot  be  exercised  in  this  particular.  It  is 
possible  to  melt  the  rivets  off  the  inside  of  an  oil  burner 
firebox  by  over-firing. 

In  drifting  down  long  grades,  it  is  preferable  to  keep 
the  fire  burning  a  little  rather  than  to  shut  it  off  entirely 
to  prevent  chilling  of  the  firebox,  adjusting  the  dampers 
to  suit  a  light  fire.  The  water  can  be  carried  in  such  a 
way  approaching  such  points  as  will  admit  of  working 
the  injector  occasionally  to  prevent  popping  off. 

The  use  of  the  blower  should  be  restricted  all  pos- 
sible. It  tends  to  make  the  firebox  leak.  If  the  blower 
is  used  at  all  it  should  be  used  very  lightly,  simply 
enough  to  cause  a  draught. 

Some  troubles  have  been  encountered  on  account  of 
waste  getting  into  the  oil  tank;  these  are  caused  by 
carelessness  on  the  part  of  Hostlers  and  Helpers  in 
measuring  the  oil  and  wiping  the  measuring  stick  off 
with  waste.  Waste  should  therefore  not  be  used  for  this 
purpose. 
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DONT^S. 


Do  not  approach  the  man  hole  or  vent  holes  of  a  tank 
closer  than  ten  feet  with  a  lighted  torch  or  lantern. 

Do  not  take  a  lighted  torch  or  lantern  to  a  man  hole 
to  ascertain  the  amount  of  oil  in  the  tank;  this  should 
be  done  by  the  insertion  of  a  stick  or  rod  and  the  same 
carried  to  the  light  to  ascertain  the  number  of  inches  of 
oil  shown  on  the  stick  or  rod. 

Do  not,  when  making  repairs  to,  or  inspection  of,  an 
empty  tank,  place  a  lighted  lamp  or  torch  inside  of  the 
same  before  it  has  been  thoroughly  steamed  and  washed 
out,  as  gas  will  accumulate  in  an  empty  tank  not  so 
steamed  and  washed  out,  and  explosion  is  liable.  Em- 
ployees are  positively  prohibited  from  entering  tanks 
having  contained  crude  oil,  until  the  instructions  to  thor- 
oughly steam  and  wash  them  out  have  been  complied 
with. 

Do  not,  in  firing  up,  apply  the  atomizer  and  oil  be- 
fore putting  in  the  lighted  waste,  as  gas  may  accumulate 
in  the  firebox  and  thus  cause  an  explosion. 

In  starting  up  or  stopping,  the  engineer  must  always 
notify  the  fireman,  as  the  starting  or  shutting  off  of  fire 
must  in  all  cases  precede  the  opening  and  shutting  off 
of  the  engine. 

Before  starting  the  fire  raise  back  damper.  See  that 
the  bottom  of  fire  box  in  front  of  burner  is  free  from 
brick  or  other  obstructions  that  would  interfere  with 
free  passage  of  oil  from  burner  to  front  of  firebox. 
Also  see  that  there  is  no  oil  in  the  pan.  Open  blower 
strong  enough  to  create  necessary  draught.  Open  ato- 
mizer valve  long  enough  to  blow  water  out  of  pipe.  Then 
close  valve  and  light  a  piece  of  oily  waste  and  throw  it 
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is  at  least  75  per  cent  cheaper  than  that  of  coal.  It  does 
away  with  clinkering  of  engines  at  terminals  and  on  the 
road ;  reduces  the  time  consumed  in  turning  power ;  does 
not  have  any  cinders  to  take  care  of.  If  the  oil  crane 
and  water  tank  are  spotted  at  places  so  that  the  oil  and 
water  can  be  taken  at  the  same  time,  there  is  no  reason 
why  an  engine  cannot  be  turned  in  from  20  to  25  min- 
utes. There  is  little  or  nothing  to  get  wrong  with  an 
oil  burner,  so  far  as  the  oil-burning  apparatus  is  con- 
cerned ;  burner  may  stop  up  with  sediment  or  burst  from 
heat,  but  these  are  rare  occurrences. 


PUTTING   OUT   FIRES. 

First  shut  off  the  oil  valve  on  tank.  Allow  oil  to  be 
burned  from  pipe  to  burner.  Then  close  firing  valve, 
atomizer  and  dampers.  It  is  important  that  damper 
should  be  closed  to  prevent  passage  of  cold  air  through 
fire  box  and  tubes,  when  they  are  heated  after  the  fire  has 
been  extinguished. 


PREVENTION  OF  SMOKE. 

Black  smoke  should  be  at  all  times  avoided  and  if  ii| 
evidence  shows  faulty  construction  of  brick  work  or  im- 
proper methods  of  handling.  The  soot  formed  by  smoke 
is  a  non-conductor  and  will  make  an  oil  burning  engine 
fail  in  steam  quicker  than  any  other  cause.  An  accurate 
combination  of  oil  and  steam  in  the  atomizer,  with  the 
proper  admission  of  air,  is  necessary  to  thorough  com- 
bustion. To  prevent  smoke  in  starting  and  stopping, 
engineers  should  always  notify  the  fireman  when  they  are 
going  to  open  or  close  the  throttle. 
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supply  pipe.  Then  close  tank  valve  and  open  firing  valve. 
This  will  blow  steam  through  oil  pipe  to  burner.  If  the 
obstruction  is  not  removed  by  doing  this  the  pipes  will 
have  to  be  disconnected  or  atomizer  tube  removed.  Care 
should  be  taken  to  see  that  this  blow-back  valve  is  closed 
except  when  used  for  blowing  out  pipe  or  burner.  If  left 
open  or  leaking  it  will  prevent  free  passage  of  oil  to  burn- 
er, thereby  causing  a  series  of  explosions.  Sometimes  a 
partial  obstruction  may  be  overcome  by  closing  the  air  in- 
take valve^.  This  creates  a  partial  vacuum  in  the  burner. 
If  oil  flows  out  of  the  intake  pipe  it  is  evident  that  the  ob- 
struction is  in  the  rubber  hose  from  pipe  to  burner.  This 
becomes  burned  from  the  heat  of  the  boiler  and  closes  up. 
Also  the  same  with  the  hose  from  the  supply  tank  to 
engine  as  the  action  of  the  oil  on  the  rubber  has  a  ten- 
dency to  soften  it  and  causes  same  to  close  up. 

Fourth. — Water  in  oil. 

In  case  the  fire  goes  out  from  unknown  causes  you 
should  ascertain  whether  there  is  water  in  the  oil,  by 
opening  the  drain  cock.  Water  accumulates  in  oil  tanks 
sometimes  by  improper  handling  of  heater.  Opening  it 
only  a  small  amount  and  leaving  it  on  continually,  is  bad 
practice.  Put  it  on  strong,  heat  the  oil  and  shut  it  oflF. 
This  should  be  done  as  much  as  possible  when  standing. 

Fifth. — Fallen  brick  on  bottom  of  firebox  or  striking 
an  obstruction  caused  by  an  accumulation  of  asphalt. 

An  engine  will  not  steam  well  and  will  cause  an  ex- 
cessive amount  of  black  smoke  if  the  fire  drags  on  bot- 
tom or  strikes  a  fallen  brick.  Round-house  men  should 
inspect  and  clean  pan  under  burner  thoroughly.  Crews 
should  inspect  and  take  them  out  or  push  them  forward 
and  remove  the  accumulation  of  asphalt  and  sand.  The 
best  time  to  do  this  is  .when  the  fire  has  just  been  par- 
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tially  shut  off  while  at  a  station.  Too  much  attention  can- 
not be  given  to  this  matter. 

Sixth — Partial  or  complete  closing  of  atomizer  tube 
in  burner. 

If  the  full  opening  of  the  atomizer  valve  will  not  re- 
move obstruction  the  tube  must  be  taken  out  of  the  burn- 
er. In  most  engines  this  can  be  done  in  from  five  to  ten 
minutes. 

Seventh. — Slipping  or  working  the  engine  hard  with 
fire  out. 

Slipping  or  working  the  engine  hard  with  the  fire  out 
or  starting  before  the  fire  is  lighted,  will  cause  the 
flues  to  leak  almost  immediately.  Great  care  should  be 
taken  to  prevent  this.  Should  it  become  necessary  to  do 
any  work  inside  of  the  oil  tanks  after  they  are  empty, 
first  fill  the  tank  with  water.  Put  in  a  few  pounds  of 
caustic  soda.  Then  turn  on  steam  through  the  heater 
pipe,  until  water  boils  over  the  manhole.  Petroleum  con- 
tains a  greater  or  less  per  cent  of  volatile  gases  which 
are  given  off  at  a  low  temperature;  therefore  under  no 
circumstances  should  lighted  torches,  lamps  or  lanterns 
be  taken  into  tanks  or  near  the  openings  that  have  con- 
tained crude  oil  until  they  have  been  thoroughly  cleansed. 


A  FEW  POINTERS  THAT  SHOULD  BE  REMEMBERED. 

Do  not  leave  the  fire  door  unfastened  when  starting  fire 
for  if  too  much  oil  is  turned  on  an  explosion  may  occur 
which  will  drive  the  flames  out  of  the  door  and  might 
injure  any  one  in  the  cab. 

Do  not  use  the  blower  at  any  time  stronger  than  is 
necessary  to  clear  the  stack  of  black  smoke  as  it  is  a 
waste  of  fuel,  makes  an  unnecessary  noise  and  if  the  fire 
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is  burning  lightly  will  cause  the  flu-es  to  leak.  Do  not 
start  the  engine  without  having  the  firing  valve  opened 
sufficiently  to  insure  a  good  fire  so  that  the  cold  air  may 
not  be  drawn  through  the  flues  by  the  exhaust.  Do  not 
go  nearer  than  ten  feet  to  a  manhole  or  venthole  in  a 
tank  with  a  lighted  torch  or  lantern.  To  ascertain  the 
amount  of  oil  in  the  tank  use  the  rod  made  for  that  pur- 
pose, carrying  it  to  the  light  to  find  the  number  of  inches 
or  gallons  in  the  tank,  unless  you  have  an  incandescent 
globe  to  carry  with  you.  Do  not  allow  the  air  supply  cut 
off  from  fire  by  asphalt,  sand  or  pieces  of  fallen  brick 
accumulating  in  the  pan;  hoe  it  out.  Do  not  start  fire 
without  first  lighting  a  piece  of  oily  waste.  If  in  backing 
down  to  train  or  switch  engines  backing  down  in  yard 
the  fire  should  go  out,  shut  off  the  oil  and  start  fire  by 
lighting  a  piece  of  waste,  for  if  you  do  not  do  this  you 
are  liable  to  cause  an  explosion. 


CATECHISM  ON  OIL  BURNING  LOCOMOTIVES. 

What  are  the  fireman's  duties  on  arrival  at  engine  house 
previous  to  going  out  with  an  oil-burning  engine  ? 

It  is  his  duty  to  see  that  the  heater  is  adjusted  and  the 
oil  is  heated  sufficiently  and  that  the  oil  is  in  condition  to 
flow  freely  to  the  burner." 

How  warm  should  oil  be  at  all  times  in  tank? 

The  best  results  are  obtained  when  the  oil  is  heated  to 
such  a  temperature  that  the  hand  can  be  held  on  the  tank, 
or  to  about  no  degrees,  Fahrenheit. 

If  the  oil  is  too  warm  what  happens? 

Some  of  the  qualities  of  the  oil  are  lost  by  the  constant 
boiling  and  the  burner  does  not  work  so  well  and  will 
make  it  more  difficult  to  operate. 

What  tools  are  necessary  for  firing  purposes  on  an  oil- 
burning  engine? 

The  necessary  tools  allowed  by  the  railroad  for  which 
you  are  working. 

What  is  liable  to  happen  if  heater  valve  is  open  too 
much  ? 

It  is  very  apt  to  burst  a  hose. 

What  should  be  done  on  approaching  oil  supply  sta- 
tions, where  additional  supply  of  fuel  oil  is  to  be  taken  ? 

See  that  there  are  no  lamps  or  lights  on  the  tender 
when  you  stop. 

What  care  must  be  exercised  in  the  use  of  lamps, 
torches  or  lanterns  about  oil  tanks,  whether  hot  or  cold. 
Why? 

Do  not  carry,  or  permit  any  one  to  carry,  oil  lamps  or 
oil  torches  within  a  distance  of  ten  feet  of  tank  opening. 
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)th  of  oil  in  tanit  bo  measured  without 
nanhole  ? 

1  must  be  taken  before  entering  tanks 
d  for  oil,  to  clean  or  make  repairs  ? 

enter  tanks  until  they  have  been 
:d. 

fire  be  lighted  in  oil-burning  engines  ? 
er  is  properly  filled  by  trying  the  gauge 
z  is  lighted  in  the  round  house.    Steam 

made  to  the  three  way  cock  on  the 

will  act  as  blower  and  atomizer.  If 
n  engine,  20  or  30  pounds,  it  can  be 
>wn  blower.  See  that  the  front  of  the 
m  carbon  or  anything  that  woudd  ob- 
ning;  it  must  have  free  passage  so  oil 
Open  the  front  damper,  put  on  the 
igh  to  make  the  necessary  draft,  open 
'.  long  enough  to  blow  out  any  water 

steam  pipe  or  burner;  next  close  the 
bunch  of  lighted  old  waste  in  front  of 
len  the  atomizer  sufficiently  to  carry  oil 
aen  the  regulator  slowly  until  the  oil  is 
i — this  you  can  see  through  the  firebox 

JO  out  and  it  is  desired  to  re-kindle  "it 
it,  is  it  safe  to  depend  on  the  hot  bricks 
tiout  the  use  of  lighted  waste? 

waste  in  re-kindling  the  fire  as  the 
/  reliable  and  apt  to  do  damage  from 
•med. 

an  atomizer,  and  what  duties  does  it 
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The  atomizers  are  made  of  brass,  12  inches  long,  4J4 
inches  wide  and  2  inches  thick  from  top  to  bottom, 
divided  into  two  parts  by  a  partition  in  the  middle ;  they 
separate  the  oil  into  a  fine  spray  and  blow  it  into  the  fire- 
box. The  atomizer  is  located  just  under  the  mud  ring, 
pointed  a  little  upward,  so  the  stream  of  oil  and  spray  of 
steam  will  strike  the  opposite  wall  a  few  inches  above  the 
bottom  if  it  were  to  pass  clear  across  the  box.  Deep  fire- 
boxes have  the  atomizer  at  the  back  end  of  the  box,  while 
the  shallow  and  long  fireboxes  have  it  located  at  the  front 
end,  pointed  back. 

In  starting  up  or  shutting  off  throttle  of  an  engine, 
,how  should  the  fireman  regulate  the  ifire,  in  advance  or 
after  the  action  of  the  engineer? 

In  advance  of  the  engineer's  action. 

Is  it,  therefore,  necessary  that  the  fireman  and  engineer 
on  an  oil-burning  engine  work  in  perfect  harmony,  and 
advise  each  other  of  intended  action  at  every  change  of 
conditions  ? 

Yes,  they  should  work  in  harmony  with  one  another 
and  while  the  fireman  should  watch  every  move  the 
engineer  makes  it  is  also  the  duty  of  the  engineer  to  ad- 
vise the  firemen  of  every  change  of  the  throttle  so  that  he 
can  operate  his  valves  according  therewith  and  thus  save 
fuel. 

What  is  the  effect  on  a  firebox  of  forcing  the  fire  on  an 
oil-burning  locomotive  ? 

It  will  cause  the  flues  to  leak.  Always  keep  an  even 
temperature  in  the  firebox. 

Is  a  careful  regulation  of  steam  and  oil  valves  and 
dampers  necessary  to  obtain  the  most  economical  results  ? 

Yes,  the  firing  valve  should  be  opened  sufficiently  to 
make  it  certain  that  enough  oil  is  being  fed  to  produce  a 
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good  fire,  but  not  enough  to  cause  a  great  volume  of  black 
smoke. 

How  can  you  judge  whether  the  combustion  is  good  or 
bad,  so  that  the  valve  may  be  regulated  accordingly  ? 

By  noting  the  smoke  emitted  from  the  stack. 

How  should  flues  be  cleaned  from  soot  when  running, 
and  about  how  often  is  it  necessary? 

The  flues  should  be  cleaned  out  after  leaving  terminals, 
or  after  an  engine  has  been  standing  for  some  time.  The 
use  of  the  sand,  frequently  and  in  small  quantities,  is 
recommended. 

Is  the  injudicious  use  of  the  blower  particularly  in- 
jurious to  an  oil-bUrning  engine  ? 

Yes,  the  frequent  use  of  the  blower  is  injurious  to  a 
firebox  and  the  cold  air  drawn  in  through  the  flues  will 
cause  them  to  leak. 

Is  the  blower  more  injurious  when  a  light  smoke  is 
emitted  from  the  stack,  or  when  a  black  smoke  is  emit- 
ted? 

It  is  more  injurious  when  a  light  smoke  is  emitted  from 
the  stack. 

In  drifting  down  long  grades  should  fire  be  shut  off  en- 
tirely or  burned  lightly  ?  Why  ? 

The  fire  should  be  burning  lightly,  yet  it  should  not  be 
permitted  to  get  too  low,  allowing  the  firebox  to  lose  its 
temperature  and  thus  causing  the  flues  to  leak. 

How  should  the  fire  be  handled  when  switching? 
It  should  be  used  the  same  as  when  running. 
Would  not  some  fuel  be  wasted  in  this  manner? 
Very  little  will  be  wasted  if  the  fireman  watches  closely. 
How  should  fire  be  handled  leaving  stations? 
It  should  be  burning  brightly  and  sufficiently  strong  to 
keep  from  going  out. 


COMBUSTION. 

Next  to  wages,  the  fuel  bill  is  the  largest  single  item  in 
the  cost  of  conducting  railway  transportation.  Recog- 
nition of  this  fact  by  railway  managements  has  long 
been  evident  in  their  efforts  toward  its  reduction  through 
a  consistent  policy  of  'giving  trial  to  practically  every 
feature  of  locomotive  design  which  gives  promise  of 
enabling  increased  economy  of  operation.  Both  money 
and  time  have  been  freely  given  to  exhaustive  trial  of 
all  ideas  in  boiler  proportions,  front  end  arrangements, 
compounding,  superheating,  etc.,  as  well  as  to  invest- 
ments in  fuel  handling  plants  seeking  to  cheapen  the 
cost  of  placing  the  fuel  on  the  tender. 

Is  it  unreasonable  then  for  the  managements  to  ex- 
pect the  co-operation  of  the  engine  crews  in  obtaining 
the  results  sought  for  by  all  this  investment,  viz:  a  re- 
duction in  the  fuel  cost  of  conducting  transportation? 
For,  since  the  acjual  generation  and  utilization  of  the 
steam  is  entirely  in  the  hands  of  the  engine  crew,  the 
greatest  factor  in  the  fuel  bill  is  of  necessity,  entirely 
a  matter  of  engine  crew  skill  and  judgment,  and  our 
managements  are  certainly  entitled  to  much  credit  for 
their  policy  of  encouraging  rather  than  insisting  upon 
reasonably  economical  methods  of  firing  and  running. 

Since  one  must  know  the  reason  for  doing  things  in 
order  to  be  sure  of  getting  satisfactory  results,  it  has 
been  thought  of  interest  to  gather  certain  scientific  facts 
relating  to  fuels  and  the  combustion  process  and  show 
their  relations  to  the  operation  of  locomotive  firing.     No 
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one  appreciates  better  than  the  author  the  seemingly  re- 
mote relation  of  theoretical  expositions  to  the  work  in 
prospect,  when  one  crawls  up  the  left  side  of  a  power- 
house-on-wheels,  attached  to  a  little  less  than  a  mile  of 
cars,  at  three  o'clock  of  a  winter's  morning.  Yet  he 
remembers  an  instance  where  such  relations  were  most 
distinctly  brought  out  in  a  case  where  life  was  made 
miserable  for  a  succession  of  firemen  who  could  not  keep 
hot  a  class  of  engines  which  had  the  name  of  being  good 
steamers  on  the  division  from  which  they  had  been 
procured.  This  continued  until  the  mechanical  engineer 
came  down  and  recalled  the  fact  that  on  the  original  di- 
vision the  coal  was  of  about  14,000  B.  T,  U.  quality, 
which  gave  an  evaporation  of  about  8  lbs.  of  water  per 
pound  of  coal.  Also  that  on  the  hard  part  of  the  runs 
the  engines  had  required  about  2.5  tons  of  this  coal  per 
hour,  which,  on  the  30  sq.  ft.  of  grate  area  of  these  en- 
gines, meant  a  combustion  rate  of  167  lbs  of  coal  per  sq. 
ft.  of  grate  area.  On  the  present  division  the  coal  was  of 
only  about  11,000  B.  T.  U.  quality,  which  would  give  an 
evaporation  of  only  6.3  lbs.  of  water  per  lb.  of  coal  and 
hence  it  would  require  the  burning  of  6,350  lbs.  of  coal 
per  hour,  at 'a  combustion  rate  of  202  lbs.  of  coal  per  sq. 
ft.  of  grate  area  per  hour — a,  practical  impossibility. 

It  will  be  the  aim  of  these  articles  to  show  such  rela- 
tions rather  than  to  merely  set  down  bare  theoretical 
facts,  and  because  of  this  aim  the  author  takes  the  liberty 
of  abandoning  the  usual  methodical  progress  in  things, 
preferring  to  show  the  applications  in  the  most  apt 
places. 

As  wood,  coal  and  petroleum  are  the  only  locomotive 
fuels  used  in  this  country)  we  will  not  concern  ourselves 
with  other  fuels.    And  since  wood  has  practically  passed 


124  '  MECHANICAL  EXAMINATIONS 

from  the  field,  it  may  be  well  to  dismiss  it  with  the  re- 
mark that  one  pound  of  coal  is  equal  in  heat  value  to 
about  234  pounds  of  dry  wood  of  any  species.  As  this 
leaves  but  coal  and  petroleum,  it  may  be  well  to  give 
the  geological  statement  on  the  origin,  of  these  fuels,  as 
follows : 

At  one  period  of  the  earth's  development,  known  as 
the  carboniferous  age,  the  atmosphere  carried  a  far 
greater  amount  of  carbonic  acid  than  at  present.  This 
carbonic  acid  is  the  food  of  plant  life  and,  in  consequence 
of  attendant  favoring  climatic  conditions,  the  vegetation 
was  luxuriant  in  the  extreme.  This  period  continued 
until  the  atmosphere  became  poor  in  carbonic  acid.  The 
result  was  immense  beds  of  decomposed  vegetation 
(peat)  which,  under  ensuing  geological  changes,  became 
submerged  and  overlaid  to  a  greater  or  less  depth  with 
later  formations  of  the  earth's  present  surface.  Ac- 
cording to  the  pressure  exerted  by  these  superimposed 
weights  these  peat  beds  were  converted  through  com- 
pression into  what  we  now  recognize,  in  order,  as  brown 
lignite,  black  lignite,  low-grade  bituminous,  high-grade 
bituminous,  semi-bituminous  and  semi-anthracite  coals. 
In  certain  localities,  to  this  element  of  pressure  there  was 
an  added  element  of  igneous  (viz.:  from  the  interior  of 
the  earth)  heat,  which  subjected  the  peat  bed  to  a  process 
of  distillation  which  set  free  the  volatile  constituents 
(hydro-carbons)  and  left  solely  the  fixed  carbon  of  an- 
thracite coal.  The  volatile  constituents,  in  the  form  of 
gas  or  oil,  thus  set  free  were  driven  into  natural  reser- 
voirs of  the  earth,  which  are  now  tapped  as  ''gas"  or 
"oil  wells." 

Because  these  beds  of  coal  are  discovered  today  in 
various  stages  of  the  completeness  of  this  evolution,  it 
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is  obvious  that  there  can  be  no  sharp  demarkations  drawn 
between  these  classifications.  The  chemical  constitution 
of  coal  comprises  carbon,  hydrogen,  oxygen,  nitrogen, 
sulphur  and  ash  (or  earthy  matter).  After  an  extended 
investigation  of  the  coals  of  this  country,  the  coal  test- 
ing section  of  the  United  States  Geological  Survey  has 
adopted  a  classification  whereby  a  coal  is  designated  by 
its  percentage  of  carbon,  divided  by  its  percentage  of 
hydrogen,  as  follows  : 

Table  I. 

Carbon-hydrogen  ratio 

Lignite 9.3  to  11.22 

Bituminous — four  grades 1 1.2  to  12.5 

12.5  to  14.4 
14.4  to  17.0 
17.0  to  20.0 

Semi-bituminous *. 20     to  23 

Semi-anthracite 23     to  26 

Anthracite — ^two  grades    26    to  30 

30  and  above 

That  is  to  say,  that  a  coal  analyzing,  say,  carbon  78.16 
per  cent,  hydrogen  3.85  per  cent,  would  (78.16^7.37= 
10.6)  fall  under  the  lignite  classification.  Or,  one  analyz- 
ing 78.43  per  cent  of  carbon  and  3.66  per  cent  of  hydro- 
gen would,  (78.43-^-3.66=21.4)  fall  under  the  semi- 
bituminous  classification. 

The  indications  of  the  classification  referred  to  in  the 
previous  section  of  this  series,  appearing  on  page  371  of 
.the  November,  1906,  issue  of  Railway  Master  Me- 
chanic, are  shown  in  the  table  below  and  are  typical 
examples  compiled  from  the  tests  mentioned. 

As  a  lignite  represents  the  most  incomplete  evolution 
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of  coal,  occupying  as  it  does  a  stage  between  peat  and 
bituminous  coal,  its  physical  structure  generally  retains 
more  or  less  trace  of  its  plant  life  origin.  It  may  be 
either  brown  or  black  in  color  and  breaks  unevenly  with 
a  dull  lustre.  It  crumbles  easily  and  on  exposure  to 
the  weather  absorbs  much  moisture. 

As  its  total  percentage  of  carbon  is  relatively  low,  and 
its  percentage  of  hydrogen  is  also  less  than  in  most  of 
the  other  classes  of  coal,  its  heat  value  is  low  (see  table 
II)  and  a  great  quantity  of  it  must  be  burned  to  pro- 
vide the  same  quantity  of  steam  than  where  bituminous 
coal  is  used.  For  instance  the  Texas  lignite  noted  in 
the  table  has  a  heat  value  of  10,990  B.  T.  U.,  while  the 
Indian  Territory  bituminous  has  14,624  B.  T.  U.  Hence 
the  lignite  is  but  10,990-^14,624=75  per  cent  as  efficient, 
or  in  other  words,  it  would  be  necessary  to  burn  1^4  tons 
of  this  lignite  to  produce  the  amount  of  steam  which  one 
ton  of  this  Indian  Territory  bituminous  coal  would  gen- 
erate. Or,  taking  5,000  lbs.  (2.5  tons)  of  coal  per  hour 
as  the  maximum  capacity  of  a  fireman  in  continuous 
freight  service  and  8  lbs.  of  water  to  220  lbs.  pressure 
steam  per  lb.  of  the  Indian  Territory  coal  per  hour  as 
the  evaporation  obtainable  with  this  grade  of  coal,  we 
will  have  as  the  maximum  which  one  fireman  can  pro- 
duce with  the  Indian  Territory  coal  5,000X8=40,000 
lbs.  of  water  per  hour.  But  with  the  Texas  lignite, 
since  75  per  cent,  of  the  8  is  6,  5,000X^30,000  lbs.  of 
water  per  hour.  Or,  since  at  220  lbs.*  pressure  steam  has 
a  volume  of  1.94,  we  have  40,00c:) X  1.94=77,600  cu.  ft. 
of  steam  per  hour,  with  the  Indian  Territory  coal;  and 
30,000X1.94=58,200  cu.  ft.  of  steam  per  hour  with  the 
Texas  lignite. 

Assuming  a  cylinder  stroke  of  32  ins.  and  a  cut  off  of 
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As  the  deposits  of  bituminous  coal  are  very  widely 
distributed  and  the  general  run  of  it  is  well  adapted 
to  the  purpose,  this  is  the  coal  most  generally  used  in 
locomotives.  In  color  it  varies  from  a  dark  brown  to 
a  deep  black.  In  physical  structure  its  lower  grades 
(in  its  evolution  from  peat)  are  generally  found  less 
compact  and  to  crumble  rather  than  fracture,  but  as 
the  grades  are  found  more  advanced  toward  the  semi- 
bituminous  or  semi-anthracite  stage,  the  structure  is 
more  compact  and  it  fractures  cleanly  with  a  bright 
lustre. 

As  observed  in  Table  II.,  the  United  States  Geolog- 
ical Survey  classifies  the  bituminous  coals  into  four 
grades,  of  which  the  characteristics  of  typical  examples 
in  the  upper  and  lower  limits  of  each  grade  are  set  forth 
in  the  table. 

Bituminous  coals  in  general  may  be  said^  to  carry 
as  much  and  generally  more  fixed  carbon  than  the  lig- 
nites, but  less  than  these  classes  known  as  semi-bitum- 
inous, semi-anthracite,  or  anthracite  proper.  But  the 
distinguishing  characteristics  of  a  bituminous  coal  is  its 
high  percentage  of  volatile  combustible  matter,  which  is 
present  to  a  less  extent  in  lignites  and  is  extremely 
low  in  anthracites.  When  the  bituminous  coal  is  ig- 
nited, this  volatile  combustible  matter  is  set  ,free  and 
burns  with  a  long  flame  which  terminates  in  invisibil- 
ity under  proper  conditions  of  combustion,  but  under 
improper  conditions  this  flame  terminates  in  smoke. 

Owing  to  the  wide  range  of  the  individual  character- 
istics of  bituminous  coals,  both  the  arrangements  for 
burning  and  the  methods  of  firing  must  of  necessity 
vary  considerably.     For  instance,   with  the  West  Vir-        [ 
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ginia  Pocahontas  coal  in  Table  II,  a  larger  extent  of 
grate  opening  can  be  used,  a  lesser  area  of  grate  sur- 
face is  necessary,  a  larger  nozzle  tip  and  a  larger  mesh 
of  netting  can  be  used  and  a  generally  smaller  boiler 
will  be  necessary  than  with  the,  say,  Iowa  Marion  coal 
further  down  in  the  table. 

Differences  in  firing  methods  are  permissible  or  com- 
pelled by  the  lightness  or  fineness  of  the  coal,  or  by 
variations  in  the  amounts  of  slate,  iron,  or  other  clink- 
erihg  substances  which  are  encountered  in  the  coal  fur- 
nished. For  instance,  the  author  remembers  noting  on 
the  Bessemer  &  Lake  Erie,  an  excellent  grade  of  coal 
received  directly  on  the  tenders  from  the  mine's  mouth, 
used  in  heavy  consolidation  locomotives  with  long,  nar- 
row, "above-the-frames"  fireboxes.  The  firing  practice 
was  to  merely  load  in  several  scoops  of  coal  just  in 
front  of  the  door.  At  the  next  firing  interval,  the  hoe 
was  thrown  into  the  now-coked  mass  and  all  of  it  spread 
out  up  ahead.  At  the  next  firing  interval,  fresh  coal  was 
again  piled  up  in  front  of  the  door  for  coking.  This 
method  of  firing  gave  excellent  results,  with  much  less 
physical  exertioa  than  was  involved  in  the  usual  method 
of  distributing  with  the  scoop;  yet  it  was  only  pos- 
sible because  of  the  practically  total  absence  of  clinker- 
ing  material  and  the  coking  nature  of  the  coal.  In  fir- 
ing, as  in  everything  else,  judgment  is  essential  and 
the  best  method  of  handling  a  coal  which  is  new  to  the 
man  or  to  the  division,  can  only  be  found  after  some 
experiment  both  with  the  coal  and  with  the  particular 
locomotive.  With  a  careful  noting  of  conditions  and 
behavior,  however,  a  good  fireman  will  grasp  these 
requisites  within  the  spaco  of  a  few  fires. 
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Although  the  heat  units  of  anthracite  and  the  high 
grade  bituminous .  coals  run  about  the  same  in  amount, 
yet  anthracite  coal  burns  more  slowly  than  the  other 
coals.  Therefore  the  amount  of  heat  given  off  by  anthra- 
cite <X)al  within  a  given  time  is  not  so  great  in  amount 
as  would  be  true  of  bituminous  coal.  Hence,  to  obtain 
the  amount  of  heat  required  by  a  locomotive  within  a 
given  time,  more  anthracite  coal  must  be  kept  in  the 
process  of  burning.  In  other  words  we  must  use  a 
larger  grate  area  with  anthracite  than  with  bituminous 
coal.  Anthracite  is  broken  like  bituminous  coal  and, 
therefore,  must  be  fired  as  it  is  furnished.  The  thick- 
ness of  the  fire  will  depend  upon  the  size  of  the  coal  to 
be  used.  It  will  be  impossible  to  keep  up  steam  with  a 
thin  fire  composed  of  large  sized  coal,  for  the  reason 
that  large  quantities  of  air  would  rush  through  the  open- 
ings between  the  lumps,  causing  all  the  losses  so  often 
mentioned  as  due  to  too  much  air.  In  fact,  to  properly 
fire  anthracite  coal  so  as  to  give  the  required  steam  pres- 
sure with  complete  combustion  as  much  skill  is  required 
as  with  bituminous  coal. 

Petroleum  or  fuel  oil,  as  already  explained,  is  the 
result  of  a  distillation  of  lignite  of  bituminous  coal  under 
great  pressure.  It  is  a  thick,  very  dark  liquid,  having  an 
occasional  greenish  tinge.  It  is  a  hydro-carbon  liquid, 
or  rather  is  composed  of  a  large  category  of  liquid 
hydro-carbons  of  various  chemical  constituents.  An 
average  sample  presents  the  following  ultimate  analysis : 

Carbon    84  per  cent 

Hydrogen    14  per  cent 

Oxygen 2  per  cent 

In   British   thermal   units   this   sample   scales   20,845. 
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cents  a  barrel  would  equal  this  grade  of  coal  at  $2.00 
per  ton.  For  railway  use,  however,  there  are  other  con- 
siderations involved.  While  requiring  less  physical  exer- 
tion, its  use  demands  greater  attention  -from  the  fireman 
and  a  careless  fireman  cannot  only  cause  much  more  dis- 
comfort through  the  production  of  black  smoke  but  he 
can  damage  a  firebox  to  an  extent  impossible  with  coal. 
On  the  other  hand  the  oil  can  be  transported  and  handled 
much  more  conveniently  and  cheaply  than  coal  and  the 
delay  and  general  cost  both  on  the  road  and  at  the  round- 
house due  to  dirty,  clinkered  fires,  fire  cleaning  and  cin- 
der handling,  is  entirely  avoided.  The  specific  methods 
of  firing  this  fuel  will  be  taken  up  later. 

Most  substances  can,  by  proper  methods,  be  separ- 
ated into  two  or  more  substances  of  a  simpler  nature, 
and  these  can  again  be  separated  into  still  simpler 
means,  which  cannot  be  further  separated  or  decomposed 
by  any  means  known.  Such  substances  as  cannot  be 
decomposed  into  simpler  ones  are  called  elements.  Al- 
though there  are  thousands  of  different  substances,  they 
are  really  made  up  of  a  comparatively  small  number  of 
elements.  There  are  but  sixty  or  seventy  elements  that 
are  known,  and  a  large  number  of  these  are  rarely  met 
with.  The  following  is  a  list  of  a  few  of  the  more 
common  elements,  the  letter  or  letters  after  each  name 
being  the  "symbol"  of  the  element ;  Oxygen,  O ;  Hydro- 
gen, H;  Nitrogen,  N;  Carbon,  C;  Sulphur,  S;  Tin,  Sn. 
Copper,  Cu;  Lead,  Pb;  Zinc,  Zn;  Silver,  Ag;  Gold,  Au; 
Mercury,  Hg ;  Nickel,  Ni ;  Aluminum,  Al ;  Platinum,  Pt. 
The  elements,  oxygen,  hydrogen  and  nitrogen,  are  gases 
at  ordinary  temperatures.  When  two  or  more  elemen- 
tary substances  combine  chemically,  they  form  what 
is  known  as  a  compound  substance.     For  example: — 
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Water,  being  composed  of  hydrogen  and  oxygen,  is  a 
compound  substance. 

Carbon  is  the  main  element  of  organic  nature,  whether 
animal  or  vegetable.  Every  living  thing,  from  the 
smallest  to  the  largest  animal,  and  from  the  moss  to 
the  largest  tree,  contains  this  element  as  a  most  neces- 
sary part  of  its  structure.  It  is  found  not  only  in  living 
things  but  in  their  fossil  remains,  such  as  coal.  In 
the  uncombined  state,  pure  carbon  is  found  in  the  two 
very  different  forms;  as  first,  diamond;  second,  graphite 
or  plumbago.  Carbon  also  occurs  more  or  less  pure  in 
lamp-bjack,  charcoal,  coal  and  coke.  In  this  condition  it 
is  porous,  absorbs  gases,  is  valuable  as  a  disinfectant, 
and  as  charcoal,  coal  or  coke,  it  is  used  as  a  fuel  and 
burns  in  ordinary  air  at  temperature  corresponding  to 
the  red  heat  of  iron. 

Oxygen  is  the  most  widely  distributed  element  in 
nature,  and  it  exists  in  very  large  quantities.  It  forms 
between  forty  and  fifty  per  cent  of  the  solid  crust  of. the 
earth,  eight-ninths  of  the  water,  and  about  one-fifth  of  • 
the  air.  Oxygen  is  an  invisible,  tasteless  gas  and  has 
no  odor.  It  is  slightly  heavier  than  air.  For  equal  vol- 
umes of  air  and  oxygen,  the  oxygen  will  weigh  1.1066 
times  as  much  as  the  air.  Under  very  high  pressure 
and  a  very  low  temperature  it  becomes  a  liquid.  Oxy- 
gen is  necessary  to  animal  life  and  combustion;  without 
it  for  breathing  purposes,  all  animals  would  die,  and  as 
it  is  the  element  which  supports  combustion,  nothing 
could  bum  without  it. 

Hydrogen  is  found  in  nature  in  large  quantities,  and 
very  largely  distributed.  It  forms  one-ninth  the  weight 
of  water  and  it  is  contained  in  all  substances  which  enter 
into    the    combination    of    plants    and    animals.      H^- 
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drogen  is  a  colorless,  tasteless  gas,  and  has  no  odor.  It 
is  the  lightest  known  substance,  being  fourteen  and  one- 
half  times  lighter  than  air  and  sixteen  times  lighter  than 
oxygen.  In  order  to  bum  hydrogen,  it  must,  like  wood 
and  other  combustible  substances,  be  heated  to  the  kin- 
dling temperature  before  it  will  ignite  or  take  fire.  The 
hydrogen  flame  is  colorless  or  very  slightly  blue.  When 
hydrogen  burns  it  combines  with  oxygen  and  forms  ail 
invisible  gas,  which,  when  condensed,  will  be  found  to 
be  ordinary  water.  Hydrogen  forms  about  fifty  per  cent 
of  coal  or  illuminating  gas,  or  about  one-half  of  the 
gases  distilled  from  the  coal  in  the  firebox. 

Nitrogen  is  a  gas  which  has  neither  color,  taste  nor 
smell.  It  will  not  support  combustion,  neither  will  it 
burn.  The  air  is  compose'd  of  about  twenty-one  per 
cent  of  oxygen  and  seventy-nine  per  cent  of  nitrogen. 
An  animal  would  die  if  compelled  to  breathe  simply 
nitrogen,  for  the  reason  that  it  will  not  support  respira- 
tion. It  is  very  useful  in  the  air,  however,  as  it  dilutes 
the  oxygen,  thus  making  the  process  of  combustion  less, 
active  than  it  otherwise  would  be.  Its  usefulness  lies 
not  in  what  it  does  itself,  but  in  its  preventing  the  oxy- 
gen of  the  air  doing  too  much.  If  the  proportions  of 
oxygen  and  nitrogen  were  reversed,  most  substances 
now  used  as  fuel  would  be  destroyed  by  oxidation  (slow 
combustion  or  rusting),  before  they  could  be  utilized  in 
combustion,  and  the  air  entering  our  lungs,  would, 
simply  by  too  rapid  combustion,  shorten  rather  than 
lengthen  our  lives. 

The  element  sulphur,  is  a  yellow,  brittle  substance, 
which  is  almost  colorless  at  fifty  degrees  F.  below  zero. 
It  melts  at  Ii4j4°  F.,  forming  a  thin,  straw-colored 
liquid.     When  heated  to  a  higher  temperature,  it  be- 
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comes  darker  and  darker  in  color,  and  at  250**  F.  it  is 
so  thick  it  will  not  run.  At  448.4°  F.  it  boils  and  is  then 
converted  into  a  brownish  yellow  vapor.  Sulphur  is 
found  as  an  impurity  in  most  kinds  of  coal  and  by  act- 
ing as  a  flux  on  other  impurities  of  the  coal  it  aids  in 
forming  the  troublesome  ''clinker." 

Water  is  made  of  two  parts  of  hydrogen  to  sixteen 
parts  of  oxygen,  by  weight,  or  by  volume,  two  volumes 
of  hydrogen  to  one  of  oxygen. 

Air  is  the  gaseous  substance  which  fills  the  atmos- 
phere surrounding  the  earth.  It  has  no  color,  taste  or 
smell.  It  is  made  up  by  weight,  of  oxygen  20.61  parts ; 
nitrogen,  77.95  parts;  carbondioxide,  .04  parts,  and  wa- 
ter 1.4  parts  and  a  slight  trace  of  a  newly  discovered 
gas  called  Argon,  of  which  little  is  yet  known.  Air  is 
never  perfectly  dry,  but  always  contains  a  varying 
amount  of  water  vapor.  It  is  estimated  that  the  air  or 
atmosphere  extends  to  a  height  of  from  fifty  to  200 
miles.  By  virtue  of  its  weight  it  produces  a  pressure 
in  all  directions  at  the  sea  level  of  14.7  lbs.  per  square 
inch,  or  about  one  ton  per  square  foot.  13.6  cubic  feet 
of  air  at  60°  F.  weighs  one  pound. 

Combustion  is  a  word  applied  to  any  action  whereby 
the  element  oxygen  combines  with  any  other  element. 
Combustion  is  ordinarily  understood  to  mean  the  act  of 
burning  fuel,  such  as.  wood,  coal,  etc.  Quick  combus- 
tion or  ordinary  burning,  is  simply  oxygen  of  the  air 
combining  rapidly  with  the  carbon  or  gases  of  the  fuel. 

Oxygen  will  not  combine  readily  with  other  elements 
at  ordinary  temperatures,  and  in  order  that  they  may 
combine  rapidly,  their  temperature  must  be  raised  to 
what  is  called  their  burning  or  kindling  temperature. 
If  this  were  not  the  case  combustible  substances  would 
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immediately  bum  up,  as  the  air  contains  a  sufficient 
quantity  of  oxygen  for  this  purpose.  If  a  piece  of  wood 
or  coal  is  put  on  the  fire,  it  will  not  bum  until  the  tem- 
perature with  which  it  combines  rapidly  with  oxygen  is 
reached,  when  it  combines  to  burn.  Watch  a  stick  of 
wood  burning  and  it  will  be  seen  that  the  fire  creeps 
slowly  along  it  The  reason  for  this  is  that  only  the 
portion  of  the  stick  nearest  the  burning  part  becomes 
heated  to  the  kindling  temperature.  Different  kinds  of 
fuel  have  different  kindling  temperatures;  a  fact  which 
should  be  remembered. 

Coal  gas  will  not  bum  below  a  temperature  corre- 
sponding to  the  red  heat  of  iron,  and  carbon  has  a  still 
higher  kindling  temperature.  The  hydro-carbon  gases 
given  off  from  coal  when  burning,  require  for  combus- 
tion a  temperature  corresponding  to  the  cherry  heat  of 
iron.  In  order  to  burn  coal  it  must  be  kept  at  a  higher 
temperature  still.  The  active  portion  of  a  fire  in  a  fire- 
box is  constantly  giving  off  gases  from  the  fuel  which 
require  a  high  temperature  for  their  combustion.  Where 
these  gases  are  burned  in  the  firebox  they  give  off  a 
great  deal  of  heat,  but  when  the  temperature'  of  any 
part  of  the  firebox  is  so  low  that  the  gases  pass  away 
unconsumed,  there  is  a  great  waste  of  heat,  and  extra 
coal  must  be  used  to  make  up  for  this  waste.  A  fire- 
man, therefore,  should  never  let  the  temperature  in  any 
part  of  the  firebox  fall  below  the  kindling  temperature 
of  the  fuel  and  the  gases  given  off  by  it.  It  is  a  mistake 
to  think  that  the  temperature  of  a  firebox  is  always  hot 
enough  to  give  complete  combustion.  Cold  air  coming 
through  a  thin  fire  may  not  be  heated  to  the  proper  tem- 
perature, and  when  it  touches  thetgases  in  the  firebox  it 
chills  tliem,  reducing  their  temperature  below  the  kin- 
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dling  point  and  they  pass  off  unburned.  If  "a  heavy 
fire"  be  given,  the  cold  material  chills  the  gases  given 
off  by  the  hot  fire  beneath  and  they  pass  off  unburned 
in  the  form  of  smoke  and  coal  gas.  The  firebox  sheets 
carry  away  the  heat  of  the  coal  next  to  them  so  quickly 
that  the  gases  given  off  in  those  parts  of  the  firebox  are 
liable  to  be  wasted  unless  the  fireman  keeps  a  bright  fire 
in  the  vicinity  of  the  sheets. 

It  is  to  be  remembered  that  a  body  gives  off  light  only 
when  heated  to  a  sufficiently  high  temperature.  The 
question  naturally  follows,  is  there  any  difference  be- 
tween the  quantity  of  heat  given  off  when  a  substance 
Durns,  and  when  it  undergoes  slow  oxidation  without 
giving  off  light?  There  is  no  difference  whatever.  In 
quick  combustion  the  heat  is  all  given  off  in  a  short 
space  of  time,  and  the  temperature  of  the  substance  be- 
comes high  and  it  gives  off  light.  In  slow  combustion 
(oxidation  or  rusting),  heat  is  given  off  slowly  for  a 
much  longer  time,  therefore,  the  temperature  of  the 
substance  does  not  rise  very  high,  as  the  heat  is  car- 
ried off  by  the  surrounding  air  and  adjacent  objects  as 
fast  as  it  is  produced.  If  the  total  quantity  of  heat  were 
to  be  measured,  however,  we  would  find  it  to  be  equal  in 
both  cases. 

Combustion  is  the  result  of  oxygen  of  the  air  combin- 
ing with  the  carbon  and  hydrogen  of  the  fuel.  If  fuel 
be  heated  to  the  kindling  temperature,  oxygen  from  the 
air  will  combine  with  the  carbon  and  hydrogen  of  the 
fuel  and  cause  combustion,  or  burning.  This  is  due  to 
the  fact  that  all  elementary  substances,  such  as  hydrogen, 
carbon  and  oxygen,  have  a  strong  attraction  for  each 
other  when  heated,  and  tend  to  enter  into  combination 
to  form  some  compound  substance. 


navin^  sumcieni  oxygen  lo  compieieiy  Dum  me  caroon. 

To  obtain  perfect  combustion  of  coal,  the   following 

conditions  must  be  observed :     First,  a  sufEcient  supply 
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wards  the  open  air,  and  thus  have  but  a  fraction  of  a 
second  in  which  to  mix  and  burn  while  in  the  firebox. 
The  coke,  however,  remains  in  the  firebox  and  has  its 
own  time  in  which  to  burn. 

When  more  air  than  is  necessary  to  produce  com- 
plete combustion  is  admitted  to  the  firebox  it  reduces 
the  amount  of  steam  generated,  in  two  ways:  First,  by 
reducing  the  temperature  of  the  gases,  and  second,  by 
increasing  the  volume  of  gases  which  pass  through  the 
boiler  tubes.  The  greater  the  volume  which  must  pass 
through  the  tubes  in  a  given  time,  the  greater  must  be 
their  velocity,  and  consequently,  they  remain  in  contact 
with  the  heating  surfaces  of  the  boiler  for  a  shorter  in- 
terval of  time.  Reducing  the  temperature  of  the  gases 
and  the  time  of  contact  with  the  heating  surfaces,  re- 
duces the  amount  of  heat  given  to  the  water,  and  con- 
sequently, the  amount  of  steam  generated.  The  ill  effects 
of  admitting  too  much  air  to  a  fire  may  be  seen  by  open- 
ing wide  the  damper  and  draft  of  a  stove  when  the  fire 
is  very  low ;  the  large  volume  of  air  rushing  into  the 
stove  not  only  cool^  the  gases,  but  actually  cools  the 
fire  itself,  reducing  the  temperature  below  its  burning 
temperature,  thus  causing  the  fire  to  go  out. 

When  a  match  is  lit  and  then  blown  out,  what  hap- 
pens ?  The  friction  between  the  sulphur  and  whatever  it  is 
rubbed  against  heats  the  sulphur  to  its  kindling  tempera- 
ture, which  is  low,  and  the  sulphur  burns,  heating  the 
wood  to  its  kindling  temperature  and  causing  it  to  take 
fire.  When  the  match  has  been  used  and  we  wish  to 
quench  the  flame,  we  generally  blow  on  it.  The  strong 
current  of  air  coming  in  contact  with  the  flame  and  heated 
wood,  carries  away  the  heat  from  both  at  such  a  rate  that 
their  temperature  is  reduced  below  that  of  kindling  and 
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iight,  or  150  cubic  feet  by  volume.  The  theoretical 
antity  of  air  necessary  to  produce  complete  combus- 
►n  of  one  pound  of  carbon  is  not  the  quantity  that  will 
/e  the  tiest  results  with  a  locomotive,  however,  as  has 
en  found  by  experience.  The  results  of  a  number  of 
periments  made  with  a  view  of  determining  the  proper 
antity  of  air  to  produce  the  best  results  seem  to  in- 
:ate  that  eighteen  pounds  or  225  cubic  feet  of  air  per 
und  of  coal  is  the  quantity,  if  admitted  in  the  proper 
mner.  The  proper  quantity  in.  any  particular  case  of 
:omotive  working  can  be  easily  noted  by  a  careful  fire- 
m  through  observation  of  the  results  in  smoke. 

It  is  to  be  remembered  that  to  obtain  the  best  results 
)m  coal  burned  in  a  firebox,  sufficient  air  must  be  sup- 
ed  to  burn  both  the  coke  and  the  gases.  If  the  coke 
me  were  to  be  burned,  sufficient  air  for  this  purpose 
nld  be  admitted  through  the  grates,  and  coal  by  reg- 
iting  the  thickness  of  the  fire  on  the  grates.  To  burn 
I  gases,  however,  an  additional  amount  of  air  is  re- 
ired.  If,  now,  the  thickness  of  the  fire  be  so  regu- 
ed  that  sufficient  air  is  admitted  through  the  grates 
burn  both  the  coke  and  the  gases  when  fresh  coal  is 
pplied,  the  fire  will  be  too  thin  and  will  admit  too  much 
after  the  gases  have  been  consumed.  Again,  if  the 
^  be  kept  so  thin  that  sufficient  air  for  combustion  is 
mitted  through  the  grates,  it  will  be  almost  impossible 
keep  the  fire  level  and  free  from  holes  when  the  en- 
le  is  working  hard,  as  the  blast  will  carry  the  lighter 
rticles  of  coal  from  the  grates  through  the  tubes  un- 
rned,  thus  making  holes  in  the  fire  and  permitting  a 
Did  inflow  of  cold  air  when  and  where  it  is  least  de- 
ed. It  is  evident,  then,  that  sufficient  air  for  com- 
;te  combustion  of  bituminous  coal  cannot  be  admitted 
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careful  management  and  skillful  firing,  this  1,650  tons 
is  reduced  ten  per  cent,  there  will  be  effected  a  saving  of 
165  tons  of  coal  per  year  per  engine.  For  every  100 
engines  this  saving  would  amount  of  16,500  tons  per 
year,  and  with  coal  worth  $2.00  per  ton  the  saving 
effected  would  amount  to  $33,000  per  year  for  every  100 
engines. 

Smoke  is  the  volume  of  vapor  and  gases  out  of  the 
smoke  stack,  colored  by  particles  of  carbon  or  soot.  The 
color  of  the  smoke  depends  entirely  upon  the  quantity  of 
carbon  present.  When  a  large  quantity  of  fresh  coal  is 
thrown  on  a  fire,  it  absorbs  heat  very  rapidly  and  re- 
duces the  temperature  of  the  firebox  to  such  an  extent 
that  all  flame  is  extinguished  and  a  black  vapor  formed. 
Now,  as  before  stated,  the  presence  of  flame  and  absence 
of  smoke  is  an  indication  that  the  gases  of  the  coal  are 
being  burned,  while  the  absence  of  flame  or  presence  of 
smoke  is  an  indication  that  the  gases  are  passing  away, 
unconsumed.  The  black  vapor  or  smoke  seen  in  the 
firebox  is  of  a  different  composition  than  the  real  smoke 
issuing  from  the  smoke  stack.  The  vapor  or  gas  of  the 
coal  in  the  firebox  is  a  mixture  of  hydrogen  and  carbon 
(carburetted  hydrogen)  colored  by  tarry  matter,  sulphur, 
and  other  volatile  ingredients.  When  the  carburetted 
hydrogen  gas  is  heated  to  the  kindling  temperature,  its 
hydrogen  combines  with  the  oxygen  of  the  air,  forming 
water  which  passes  off  as  an  invisible  vapor.  Part  of 
its  carbon  which  is  liberated  is  burned,  while  the  re- 
mainder passes  away  in  the  form  of  soot,  coloring  the 
invisible  gases  and  forming  what  is  properly  called 
smoke.  If  sufficient  oxygen  is  present  in  the  firebox  and 
at  the  proper  temperature  when  the  hydrogen  gases  are 
liberated,  all  the  carbon  will  be  consumed  and  the  smoke 
-  "-".vented. 
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Where  engines  are  not  steaming,  it  is  always  the  fault 
of  either  the  management  or  the  crews,  or  both.  Loco- 
motives can  be  designed  which  will  steam  successfully 
with  practically  any  quality  of  coal.  A  locomotive  de- 
signed for  the  development  of  a  practical  maximum 
power  with  a  grate  area  which  involves  the  burning  of 
14,000  B.  T.  U.  coal  at  the  rate  of  over  180  lbs.  per 
sq.  ft.  per  hr.,  however,  cannot  be  made  to  furnish  steam 
for  an  equivalent  rate  of  working  with  10,000  B.  T.  U. 
coal.  Equally,  a  locomotive  designed  for  a  certain  rate 
of  working  with  a  grate  area  intended  for  the  use  of 
10,000  B.  T.  U.  coal  at  a  combustion  rate  of  100  lbs. 
per  sq.  ft.  per  hr.  will  prove  wasteful  of  fuel  with  14,000 
B.  T.  U.  coal  at  this  rate  of  working,  because  of  the 
sniall  nozzle  which  will  be  required  to  induce  sufficient 
draft  to  overcome  an  impractically  low  rate  of  combus- 
tion when  working  at  half  maximum  power.  This  latter 
is  not  generally  appreciated  by  technical  men,  but  fire- 
men have  well  observed  that  below  a  combustion  rate  of 
50  lbs.  per  sq.  ft.  of  grate  area  per  hr.,  the  fire  does  not 
remain  in  that  state  of  incandescence  essential  in  loco- 
motive practice.     It  bakes  and  lies  dead  on  the  surface. 

It  is  not  meant  to  imply,  that  the  ordinary  locomotive 
is  unduly  restricted  to  the  use  of  a  certain  quality  of 
coal  for  the  insurance  of  steaming  well,  for  most  loco- 
motives are  designed  with  a  grate  area  (and  a  concomi- 
tant amount  of  heating  surface)  of  an  extent  which  lies 
so  well  between  the  limiting  rates  of  combustion,  that 
good  steaming  can  be  secured  throughout  a  consider- 
able range  in  coal  quality — if  the  drafting  arrangements 
are  varied  to  correspond  with  the  variations  in  the  coals. 
And  it  is  in  the  roundhouse  reporting  of  matters  in  this 
regard   that   poor   steaming   locomotives   are   often   the 
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omy  must  be  deferred  until  the  management  is  able  to 
provide  a  better  water  supply.  For  where  a  justifiable 
fear  of  leakage  is  in  existence,  the  matter  of  fuel  econ- 
omy is  considerably  less  important  than  the  necessity  inr 
suring  that  the  locomotive  gets  its  train  over  the  division. 

With  a  locomotive  addicted  to  leaking,  the  secret  of 
success  in  getting  over  the  road  lies  in  ''keeping  her  hot" 
— all  the  time — up  hill — down  hill — in  side — tracks — 
while  switching— every  place  and  all  the  time — ^to  keep 
her  hot  from  the  time  she  is  first  taken  until  landed  at 
the  other  terminal.  If,  in  reaching  the  locomotive  for  a 
trip,  the  tubes  or  staybolts  are  spurting,  it  had  better  be 
turned  back  to  the  roundhouse,  for  a  trip  would  almost 
certainly  result  in  failure.  If,  however,  the  tubes  or 
staybolts  are  merely  ''seeping,"  a  hot  fire  will  generally 
cause  an  amount  of  sheet  expansion  that  will  stop  the 
leakage — and  the  prevention  of  leakage  again  developing 
is  merely  a  matter  of  constantly  maintaining  a  tempera- 
ture in  the  firebox  which  will  prevent  this  sheet  expan- 
sion from  becoming  reduced  again. 

This  is  easily  understandable  if  we  recollect  that  the 
tubes  and  staybolts  are  fitted  to  the  firebox  sheets  when 
the  metal  is  cold,  or  contracted.  Good  water  lies  up  close 
to  the  sheets  and  thus  abstracts  the  heat  from  sheets 
as  fast  as  evolved  by  the  fire.  Hence  the  sheets  do  not 
become  heated  much  above  the  temperature  equivalent 
of  the  water,  and,  therefore,  the  junctions  of  tubes  and 
staybolts  with  the  sheets  are  not  distorted  beyond  a 
capacity  to  return  to  their  original  tightness  when  the 
temperature  of  the  fire  drops.  Bad  water,  however, 
either  deposits  a  heavy  scale,  or  else  'boils  away  from  the 
sheets  (generally  both).  This  results  in  the  water  not 
abstracting  the  heat  from  the  sheets  as  rapidly  as  it  is 
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explained  in  cases  where  an  engine  stops  leaking  when 
working  hard,  but  starts  leaking  soon  after  shutting  oS 
unless  the  blower  is  put  on. 

Another  difficulty  encountered  with  some  fuels  is 
"honeycombing."  The  author  confesses  himself  unable 
to  say  anything  of  particular  value  in  regard  to  this 
difficulty.  He  has  heard  it  said  that  a  percentage  of 
lime  mixed  in  with  the  coal  will  obviate  or  considerably 
reduce  the  honeycombing,  but  he  has  never  seen.it  tried 
and  hence  does  not  vouch  for  the  suggestion.  With 
some  coals/  honeycombing  develops  into  a  very  serious 
matter,  especially  in  passage  service  over  long  divisions. 
In  freight  service  there  is  generally  opportunity  around 
stations  to  knock  off  the  major  portion  of  the  clusters 
with  a  bar,  while  in  passenger  service  such  work  must 
perforce  be  done  while  rolling  down  hill,  which  is  conse- 
quently a  very  disagreeable  job.  The  use  of  brick  arches 
considerably  reduce  the  tendency  to  honeycomb,  and  are 
hence  advisable  where  such  a  coal  is  used  in  passenger 
service.  But  in  freight  service  they  block  the  efforts 
of  the  fireman  to  knock  down  the  honeycombing  so  ef- 
fectually that  it  is  generally  a  better  policy  to  leave  them 
out  where  it  is  necessary  to  use  a  honeycombing  coal. 
One  thing  is  certain,  however,  in  this  connection,  viz.: 
that  the  roundhouse  force  should  be  compelled  to  furnish 
the  locomotive  thoroughly  free  from  honeycombing  when 
delivered  to  the  engine  crew. 

Mention  of  the  brick  arch  suggests  a  few  remarks  in 
connection  therewith.  The  arch  has  several  functions. 
It  is  put  in  in  order  to  retard  the  gases  of  combustion  by 
compelling  them  to  travel  a  greater  distance  around  it 
before  reaching  the  boiler  tubes.  When  once  the  gases 
have  entered  the  tubes,  no  further  progress  of  combustion 
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is  possible,  hence  the  longer  they  remain  in  the  firebox 
the  greater  opportunity  there  is  for  the  combustion 
processes  to  complete  themselves.  Furthermore,  when 
the  arch  has  become  heated,  it  affords  a  highly  •heated 
surface  for  the  gases  to  impinge  upon  and  thus  be  assist- 
ed in  the  completion  of  the  process  of  combustion. 
The  arch  also  heats  the  air  entering  through  the  firedoor 
and  tends  to  deflect  it  downward  toward  the  bed  of  the 
fire,  and,  at  the  same  time  throw  the  air  and  gases  into 
a  more  thorough  mixture.  The  arch  also  protects  the 
tube  sheet  from  being  directly  struck  by  the  cold  air  en- 
tering the  firedoor,  and  also  from  the  effects  of  letting 
fire  die  down  while  drifting  or  lying  around  stations. 
In  some  road  tests  made  by  the  author  on  an  old  style, 
i6  by  24  ins.  eight-wheel  locomotive,  in  passenger  ser- 
vice, the  locomotive  evaporated  7.5  lbs  of  water  per 
lb.  of  coal,  without  an  arch,  and  8  lbs.  with  one.  The 
arch  increases  the  difficulty  of  firing  to  some  extent  in 
certain  types  of  fireboxes,  and,  until  one  gets  used  to 
firing  with  the  arch  in  place,  considerable  coal  is  landed 
on  top  of  the  arch,  or  the  grate  surface  next  the  tube 
sheet  allowed  to  become  exposed.  One  soon  becomes 
accustomed,  however,  to  avoid  these  faults.  The  arch 
should  be  watched,  however,  and  any  symptom  of  its 
breaking  down  immediately  reported  in  order  to  avoid 
trouble  on  the  road. 

Where  the  arch  is  used,  the  state  of  the  tubes  in 
regard  to  their  being  stopped  up  cannot  be  observed  by 
the  crew  until  the  locomotive  is  started  working.  And 
even  without  the  arch  a  considerably  greater  number 
of  tubes  may  be  choked  than  the  few  observable  from 
the  door.  While  a  badly  stopped  up  set  of  boiler  tubes 
will  cause  remark  from  one  who  knows  the  engine,  by 


r 

158  MECHANICAL  EXAMINATIONS 

the  slow  eifect  of  the  blower,  yet  one  unfamiliar  with 
the  engine  in  its  normal  condition  would  be  inclined 
to  attribute  such  a  symptom  to  a  weakness  of  the  blower. 
The  nK>st  satisfactory  specific  way  to  observe  the  state 
of  the  tubes  iii  this  regard  is  by  the  lag  in  the  appear- 
ance of  black  smoke  after  shutting  off  after  the  engine 
has  been  working  hard.  If  the  fire  has  not  been  pre- 
pared for  shutting  off  and  if  the  door  is  not  then  opened 
and  the  blower  put  on,  a  locomotive  whose  tubes  are  not 
stopped  up  to  any  extent,  will  almost  instantly  pour 
black  smoke  out  of  the  stack.  If  the  tubes  are  pretty 
well  stopped  up,  however,  there  will  be  a  more  or  less 
great  lag  in  this  appearance  and  volume  of  this  smoke. 

This  matter  of  choked  tubes  is  one  of  the  most  an- 
noying, yet  most  common,  occasions  for  controversies 
between  the  roundhouse  and  the  engine  crews  that  the 
author  can  cite.  Obviously,  every  choked  tube  is  that 
percentage  of  the  boiler's  tube  heating  surface  out  of 
commission.  Any  practical  man  will  admit  ihat  the  eye 
alone  will  point  out  25  choked  tubes  in  five  locomotives 
out  of  10  on  practically  any  road  in  this  country.  If 
25  tubes  are  choked  to  an  extent  which  is  visible  at  the 
tube  sheet  end,  it  would  be  a  safe  bet  that  there  were 
anywhere  from  50  to  75  more  through  which  the  gases 
could  not  pass;  and  if  the  gases  cannot  pass  through 
a  tube  it  is  useless.  This  would  mean  100  useless  tubes. 
In  a  locomotive  with  2,500  sq.  ft.  of  tube  heating  surface 
from  300  tubes,  this  would  mean  one-third  of  the  heat- 
ing surface  rendered  valueless,  or,  instead  of  the  2,500 
sq.  ft.  of  tube  heating  surface,  the  boiler  has  practically 
but  1,667  sq.  ft.  of  tube  heating  surface.  No  wonder 
there  are  so  many  reports  of  engine  failures  because  of 
not  steaming. 
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Next  to  choked  tubes,  though  not  as  often  in  evi- 
dence, the  leaking  of  a  steam  pipe  joint  is  the  most  ab- 
solute bar  to  a  free^steaming  engine.  While  standing 
still,  the  placing  of  the  reverse  lever  on  center  and  the 
opening  of  the  throttle  will  enable  the  blow  of  the  joint 
to  be  heard  if  the  valves  are  tight  enough  to  prevent 
the  steam  from  blowing  through  them  and  thus  drown- 
ing out  the  blow  from  the  steam  pipe  joint.  While 
working,  a  leaky  steam  pipe  joint  evidences  itself  to 
blocking  the  draft  to  an  extent  which*  causes  the  fire 
to  burn  as  if  the  nozzle  tip  were  too  large,  while  the 
steam  fails  more  rapidly  in  the  presence  of  this  defect 
than  from  any  other.  The  location  of  the  leak  can 
only  be  securely  placed  by  opening  the  front  end  door; 
while  steam  is  given  with  the  engine  on  center,  when 
it  can  be  heard  and  seen  or  located  with  a  torch. 

The  deflection,  diaphragm,  or  baffle  plate,  as  variously 
called,  controls  the  level  burning  of  the  fire  on  the 
grates.  If  the  locomotive  burns  more  coal  at  the  rear 
of  the  grate  surface  than  it  does  in  the  vicinity  of  the 
tube  sheet,  the  deflector  does  not  extend  down  far 
enough  and  should  be  reported  for  lowering,  say  ah 
inch.  If,  on  the  other  hand,  coal  is  burned  more  rapidly 
in  front  than  in  rear^  it  should  be  raised.  The  reason 
for  this  is  simply  that  raising  the  deflector  allows  a 
greater  amount  of  draft  through  the  -upper  tubes,  which 
have  their  effect  chiefly  over  the  rear  of  the  grate  sur- 
face, while  lowering  the  plate  decreases  the  draft  through 
the  upper  tubes,  and,  therefore,  the  draft  over  this  rear 
portion  of  the  grate  surface. 

The  size  of  the  exhaust  nozzle  tip  has  been  the  sub- 
ject of  much  investigation  in  its   location  as  respects 
height,  with  regard  to  the  size  of  the  stack  and  the  gen- 
ii arrangement  of  the  front  end.     So  far  as  the  fire- 
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ing  to  force  an  engine  to  steam  with  insufficient  draft 
than  he  will  where  the  draft  is  so  strong  as  to  give  him 
no  fear  of  not  being  able  to  make  plenty  of  steam  when- 
ever required.  Certainly  if  a  locomotive  does  not  bum 
its  fire  freely  and  it  is  not  a  case  of  choked  tubes  or 
leaking  steampipe  joints,  there  should  be  no  hesitancy  in 
insisting  on  a  reduction  in  the  size  of  the  nozzle  tip. 
There  is  no  use  in  fooling  with  an  engine  that  does  not 
burn  its  fire. 

There  has  been,  is  yet  and  probably  always  will  be  a 
lot  of  trifling  with  deflector  plates  and  lift  pipes  in  the 
endeavor  to  enaJble  the  use  of  a  large  nozzle  tip.  As  a 
matter  of  fact,  the  area  extent  and  size  of  mesh  of  the 
netting  controls  the  size  of  the  nozzle  tip  infinitely  more 
than  the  other  front  end  devices,  yet  little  thought  is 
ever  given  to  the  netting.  In  the  effort  to  reduce  the  vol- 
ume of  the  smoke  box  to  an  extent  which  will  make  the 
front  end  self-cleaning,  the  length  of  most  front  ends 
have  been  reduced  to  an  extent  which  makes  it  impos- 
sible to  supply  the  front  end  with  an  area  of  whose  mesh 
is  sufficiently  fine  to  prevent  fire-throwing  with  the  coal 
used.  Obviously,  there  should  be  a  sufficient  area  of 
netting  of  a  particular  mesh  to  enable  the  total  of  the 
openings  between  the  meshes  to  equal,  if  not  somewhat 
exceed,  the  total  area  of  the  tube  openings.  Three  hun- 
dred two-inch  tubes  are  equivalent  to  an  area  of  6.545 
sq.  ft.  The  open  space  between  the  wires  composing  a 
three-mesh  netting  will  be  about  .6  of  the  total  area. 
Therefore,  6.545  should  be  increased  by  40  per  cent., 
or  there  should  be  at  least  9.16  sq.  ft.  of  this  mesh  net- 
ting in  such  a  front  end — and  preferably  a  little  more. 
Most  locomotives  will  be  found  to  have  a  smaller  area 
of  netting  with  respect  to  the  area  of  tube  openings  than 
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this.  The  result  is  that  the  nozzle  must  be  contracted 
in  order  to  produce  draft  enough  to  pull  the  gases  and 
cinders  through  an  insufficient  area  of  netting.  An  ad- 
ditional effect  of  such  insufficient  area  of  netting  may 
be  observed  by  taking  off  a  hand-hole  plate  and  looking 
»  into  the  front  end  when  the  engine  is  working  hard. 

The  lower  surface  of  the  netting  will  be  observed  to  be 
more  or  less  choked  by  a  layer  of  cinders  which  are 
drawn  up  and  kept  dancing  against  the  lower  surface  of 
the  netting  until  broken  into  a  fineness  sufficient  to  pass 
through.  Obviously,  the  more  restricted  the  area  of  the 
netting  the  thicker  this  layer  of  cinders  will  be  and  will 
be  then  consequent  effective  in  choking  the  netting. 

The  function  of  the  lift,  or  petticoat  pipe,  or  pipes,  is 
not  generally  understood.  There  is  a  very  general  im- 
pression that  it  may  be  manipulated  to  increase  the  draft 
on  the  fire.  This  is  entirely  wrong,  except  the  indirect 
effect  on  the  fire  by  means  of  its  action  on  the  netting. 
The  function  of  the  lifting  pipe  is  simply  and  solely  to 
distribute  and  equalize  the  draft  effect  of  the  nozzle 
tip,  over  the  full  area  of  the  netting.  Without  a  lift 
pipe,  that  portion  of  the  netting  next  the  deflector  plate 
will  naturally  receive  a  stronger  draft  than  the  portions 
of  netting  lying  further  away  from  the  nozzle.  Hence 
the  full  area  of  the  netting  will  not  be  utilized  in  an 
equal  degree.  Where  the  lift  pipe  is  used  (and  it  should 
preferably  be  of  the  three  section  type)  the  draft  in- 
duced by  the  exhaust  is  confined  in  the  cylindrical  por- 
tion of  the  lift  pipe  and  its  effect  distributed  over  the 
whole  area  of  the  netting  in  an  equable  manner  through 
adjustments  of  the  flares  with  relation  to  the  cylindrical 
portion  of  the  pipe  and  the  portions  of  the  netting  over 
which  more  draft  is  desired.     Thus  making  the  whole 
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near  proper  design  as  to  enable  free  steaming  with  the 
character  of  coal  used  on  any  specific  division — if  the 
locomotives  are  kept  in  proper  condition.  Right  here  is 
where  the  engine  crews  are  often  more  to  blame  than  the 
management  for  the  condition  of  the  locomotives.  -The 
neglect  of  the  roundhouse  force  to  perform  the  work  re- 
ported by  the  engine  crews,  engenders  a  disposition  of  the 
crews  to  omit  reporting  of  anything  but  the  loss  of  a 
couple  of  driving  wheels.  If,  on  the  contrary,  all  the 
crews  would  conscientiously  and  persistently  report  every 
defect  on  the  conclusion  of  a  trip,  the  roundhouse  force, 
or  facilities,  or  both,  will  soon  be  observed  by  the  man- 
agement to  be  inadequate,  with  the  result  that  these  mat- 
ters will  assuredly  be  taken  in  hand  with  sufficient  de- 
termination as  to  cause  the  development  of  a  proper  con- 
dition of  affairs. 

The  foregoing  pointing  out  of  human  and  mechanical 
defects  does  not  imply  that  such  are  all  apparent  every- 
where. As  a  matter  of  fact,  it  is  to  the  credit  of  both 
managements  and  engine  crews  of  American  railways, 
that  a  good  ratio  of  triumph  over  these  difficulties  is 
maintained  in  the  face  of  the  abnormal  business  and  ( con- 
sequently) traffic  condition  of  the  past  four  years.  That 
is  to  say,  that  the  fireman  generally  is  provided  with  a 
locomotive  with  which  he  can  exhibit  a  reasonable  de- 
gree of  fuel  economy — if  he  is  competent  and  careful 
(the  one  trait  being  invariably  the  accompaniment  of 
the  other).  Crews  are  much  inclined  to  complain  of 
poor  coal.  It  has  already  been  explained  that  practically 
any  quality  of  coal  can  be  made  to  furnish  plenty  of 
steam  to  th^  locomotives  in  service  unless  either  the 
crews  do  not  know  enough,  or  are  too  careless  to  report 
what  alteration  or  repair  is  needed  to  enable  the  locomo- 
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lever  and  reach-  rod,  thus  permitting  clinkers  in  any  part 
of  the  fire  to  be  easily  knocked  through  into  the  ash  pan 
— ^ven  while  running. 

The  matter  of  excessive  tonnage  is  often  cited  as  a 
cause  of  excessive  fuel  consumption.  If  the  fire  is  kept 
clean  the  facts  of  the  case  are  directly  the  opposite  of 
such  a  statement.  For  locomotives  are,  perforce,  designed 
with  the  intention  of  developing  their  most  economical 
performance  at  the  maximum  rate  of  working.  Further- 
more, the  proportion  of  coal  iburned  per  ton  of  freight 
hauled  is,  because  of  the  lower  speed  that  heavy  tonnage 
implies,  much  less  than  is  required  in  developing  the 
higher  speed  of  lighter  trains.  Of  course  the  heavy  ton- 
nage implies  longer  hours  on  the  road,  but  that  is  a  much 
more  matter  of  the  density  of  traffic  than  of  the  bare  train 
tonnage.  In  this  connection  it  may  be  said,  however^ 
that  recent  intelligent  analyses  of  the  heavy  tonnage  prop- 
osition has  shown  that  because  of  several  other  factors 
than  fuel  economy  and  the  wages  of.  crews,  it  is  more 
economical  on  a  busy  line  to  reduce  tonnage  to  an  amount 
which  will  allow  engines  to  get  over  the  road  at  an  aver- 
age speed  of  from  12  to  15  miles  per  hour,  than  to  load 
them  down  to  an  extent  which  will  prevent  such  average 
speed  being  maintained.  Hence  we  will  doubtless  see 
less  of  excessive  tonnage  in  the  future  than  has  been  in 
evidence  in  the  past. 
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carbon  gases  pass  through  the  tubes  and  out  of  the  stack 
without  giving  up  all  of  their  heat  to  the  water  in  the 
boiler.  The  energy  they  contain  is  wasted.  If  their  com- 
plete combustion  inside  the  firebox  and  flues  can  be  se- 
cured, this  energy  otherwise  lost  will  be  saved. 


Figure  52.     Wade  Nicholson  Hallow  f   "i   for  Locomatlres. 


How  can  this  be  done?  In  other  words,  since  the 
quantity  of  air  that  comes  through  the  grates  is  insuffi- 
cient, how  can  we  get  enough  air  to  the  fuel  without 
interfering  with  the  fire?  It  must  be  let  in  above  the 
fire;  but  it  will  not  do  to  admit  cold  air  directly  from  the 
outside,  for,  as  every  fireman  knows,  the  effect  of  that  is 
to  act  as  a  damper  on  the  fire,  combustion  is  retarded. 
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Arches  of  'the  above  type  have,  after  severe  test,  been 
adopted  by  the  Chicago  &  Northwestern  Railway. 

In  addition  to  the  saving  in  fuel,  the  following  advan- 
tages are  claimed  for  the  hollow  arch: 

Being  air-oooled,  its  life  is  two  to  three  times  that  of 
the  ordinary  solid  brick  arch. 

It  does  away  with  the  smoke  nuisance. 

The  air  being  heated  before  striking  the  combustible 
gases,  unites  with  them  instantly,  giving  a  brighter, 
cleaner,  more  intense  fire,  and  resulting  in  a  better  steam- 
ing engine.  \ 

The  'back '  arch  acts  as  a  baffle-sheet,  protecting  the 
crown  sheet  and  upper  flues,  and  gives  a  more  uniform 
distribution  of  heat  throughout,  resulting  in  less  leaky 
flues  and  a  saving  in  boiler  repairs. 

The  arch  can  be  used  either  with  or  without  the  cir- 
culating tubes. 

Arches  can  readily  be  removed  and  reset,  in  whole  or 
in  part,  without  damage,  to  give  access  to  the  flues  when 
repairs  are  needed. 
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coal  consumed  without  any  increase  in  the  earnings;  so 
that  it  is  evident  from  an  economical  standpoint  fast  trains 
are  not  a  success.  For  these  reasons  perfect  combustion 
is  impossible  in  locomotive  practice,  and  is  not  attained 
with  stationary  boilers  where  the  engine  load  and  speed  is 
not  variable. 

Q.  6.     What  is  meant  by  the  term  heat  unit? 

A.  The  amount  of  heat  necessary  to  raise  one  pound 
of  water  one  degree  (Fahrenheit). 

Q.  7.     What  is  its  equivalent  mechanically  expressed? 

A.  The  power  exerted  to  raise  'jy2  pounds  one  foot 
high. 

Q.  8.  How  many  heat  units  does  a  pound  of  coal 
burned  represent? 

A.  It  varies  with  the  quality  of  coal,  burned,  but  about 
14,000  may  be  considered  a  fair  average  with  the  different 
grades  of  coal.  With  an  excellent  grade  of  coal  where 
there  was  but  very  small  loss  from  unburnable  material 
it  would  run  much  higher,  and  with  a  poor  grade  the 
opposite  condition  would  prevail  in  a  similar  degree.  A 
good  grade  of  coal  that  cost  much  more  than  a  pt)or  one 
is  often  the  cheaper  when  the  relative  amount  of  heat 
units  in  the  two  are  considered. 

Q.  9.  What  is  the  amount  of  water  evaporate'd  for 
each  pound  of  coal  consumed  ? 

A.  Seven  to  eight  pounds  of  water  to  one  pound  of 
bituminous  coal  burned;  about  one  pound  less  water  is 
evaporated  per  pound  of  anthracite  coal. 

Q.  10  What  are  the  two  most  important  elements  in 
the  production  of  combustion  ? 

A.  The  carbon  of  the  fuel  and  the  oxygen  of  the  air. 
These  two  elements  have  a  strong  natural  affinity  for  each 
other,  which  fact  aids  greatly  in  the  process  of  combustion 
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Q.  15.     Which  is  the  lighter  gas,  carbon  or  hydrogen? 

A.  Hydrogen.  It  raises  first  and  is  first  consumed  of 
the  gases  of  any  given  piece  of  coal,  and  a  certain  amount 
of  moisture  is  consumed  with  it.  The  carbon  is  next 
burned,  but  the  two  burnings  are  so  rapid  as  to  be  practi- 
cally one  and  the  same.  Nothing  in  nature  is  destroyed. 
Its  form  only  is  changed.  Coal  by  combustion  is  changed 
into  heat  and  waste  material;  the  oxygen  of  the  air 
changes  its  form,  and  water  is  converted  into  a  gas  called 
steam,  to  be. later  vaporized  and  changed  back  to  water 
by  cooling.    Always  changed  but  no  destruction  of  matter. 

Q.  16.     Is  oxygen  necessary  for  combustion? 

A.  Absolutely:  It  must  also  come  in  contact  with 
whatever  is  to  be  burned,  so  that  the  admission  of  air  is 
the  important  matter  in  combustion. 

Q.  17.  What  change  must  occur  with  coal  before  it  is 
burned  ? 

A.  It  must  be  broken  down,  that  is,  the  heat  proper- 
ties must  be  separated  from  the  waste  material,  and  heat 
is  required  to  do  this  and  by  its  application  gas  and  coke 
are  produced.  Coke  is  known  as  the  fixed  carbon  of  the 
coal,  and  the  waste  material  is  designated  as  ash.  The 
gas  is  carbon  and  hydrogen.  The  hydrogen  and  carbon 
in  a  ton  of  coal  is  equal,  as  before  stated,  to  about  85  per 
cent,  of  the  whole,  or  1,700  pounds  for  one  ton  of  coal. 

Q.  18.  What  gas  is  formed  by  the  proper  mixing  of 
oxygen  with  the  gas  from  the  coal  ? 

A.     Carbon  dioxide.    A  colorless  gas. 

Q.  19.  What  result  as  to  loss  of  heat  does  insufficient 
air  admission  to  a  firebox  have  ? 

A.  A  pound  of  carbon  turned  to  carbon  dioxide  will 
convert  125  pounds  of  water  into  steam  at  a  high  boiler 
pressure,  but  with  too  small  an  admission  of  oxygen  only 
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about  one-third  as  much  water  will  be  evaporated  under 
similar  conditions,  so  that  the  fuel  waste  is  enormous; 
therefore,  the  restriction  of  the  draft  area  by  reason  of 
bad  damper  arrangement  or  handling,  or  from  clinkered 
or  heavy  fire  are  expensive  matters  for  the  railroad  com- 
panies financially,  and  physically  for  the  fireman  who 
makes  the  steam. 

Q.  20.  What  three  important  things  are  to  be  consid- 
ered as  most  essential  in  combustion? 

A.  The  kind  and  quality  of  the  fuel  to  be  burned ;  the 
admission  or  furnishing  of  sufficient  oxygen — ^the  sup- 
porter of  burning — to  the  fire,  and  the  igniting  tempera- 
ture of  the  fuel  burned. 

Q.  21.  What  usually  controls  the  kind  and  quality  of 
coal  burned  ? 

A.  Natural  availability.  Often  a  soft  coal  is  used  that 
shows  a  poorer  rate  of  heating  power  than  some  other 
coal  that  must  be  hauled  from  a  distance.  However,  it 
will  make  the  steam  by  using  more  of  it,  and  its  avail- 
ability over  the  other  coal  makes  it  cheaper  per  loo-ton 
mile  even  with  a  higher  consumption. 

Q.  22,  What  is  the  igniting  temperature  of  bitumi- 
nous coal? 

A.  Carbon  900  degrees.  The  two  gases  united  as  hy- 
drocarbons 950  to  1,250  degrees  Fahrenheit.  These  are 
only  approximate  figures  for  the  different  grades  of  soft 
coal,  the  kind  most  commonly  used  in  locomotive  service. 

Q.  23.'    What  part  of  the  air  is  oxygen  ? 

A.  About  i-Sth  part.  The  source  of  supply  is  un- 
limited, but  the  same  is  not  true  concerning  the  source  of 
admission.  To  meet  this,  demand  for  abundant  air  admis- 
sion and  to  meet  the  extra  demand  made  by  the  use  of 
large  locomotives  various  plans  were  tried. 
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Q.  24.     Explain  some  of  these  plans, 

A.  At  first  by  increasing  the  length  of  the  firebox  to 
such  a  degree  that  it  was  found  to  be  impracticable  for 
efficient  firing  and  combustion.  To  give  the  required 
grate  area  and  shorten  the  box  to  reasonable  proportions 
the  shallow  firebox  extending  out  over  the  frame  and 
rear  drivers ;  or  trail  wheels  on  some  types  of  locomotives 
with  high  drive  wheels. 

Q.  25.  Has  any  other  method  of  admitting  air  other 
than  through  the  grates  been  tried,  and  with  what  result? 

A.  Admission  by  hollow  Sitay  bolts  and  by  flues  run- 
ning from  the  atmosphere  through  the  firebox  sheets 
above  the  fire,  and  known  as  combustion  flues.  The  all- 
hollow  stay  bolt  is  not  used  as  much  as  formerly  and  the 
combustion  flues  are  used  in  a  milder  degree. 

Q.  26.  Why  are  combustion  flues  used  to  a  less  extent 
than  formerly? 

A.  The  admission  of  air  above  the  fire  through  a  num- 
ber of  two-inch  tubes  was  found  to  be  more  detrimental 
than  beneficial,  on  account  of  such  large  currents  or  air 
cooling  the  fire  and  sheets  and  tubes  of  the  firebox.  Where 
the  grate  area  is  deficient,  air  admitted  in  small  jets  above 
the  fire  would  be  of  benefit,  as  it  would  mix  readily  with 
the  gases  without  cooling  them  to  such  an  extent  as  is 
done  by  combustion  tubes. 

Q.  2j,  Why  is  air  that  has  passed  through  the  grates 
to  the  firebox  preferable  for  the  purpose  of  combustion? 

A.  Because  in  passing  through  the  fire  it'  becomes 
heated  and  is  more  ready  to  unite  with  the  coal  gases  and 
take  its  part  in  combustion  than  that  which  is  admitted 
above  the  fire.  A  certain  amount  of  air  admitted  above 
the  fire  can  be  used  without  noticeable  loss,  but  the  heat 
loss  is  considerable  when  it  is  admitted  in  such  quantities 
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seldom,  if  ever,  leak  in  the  smokebox  end,  evidence  that 
they  are  not  subjected  to  the  great  temperature  variations 
that  they  are  in  the  firebox  end. 

Q.  33.  Is  a  fire  that  gives  off  plenty  of  black  smoke 
evidence  that  all  the  gases  are  being  consumed  and  that 
it  is  the  best  kind  for  steam  ? 

A.  No.  A  fire  that  is  in  good  condition  will  always 
give  off  some  black  smoke  when  a  fresh  supply  of  coall  is 
put  on  the  fire,  but  this  will  only  be  for  an  instant,  unless 
a  large  amount  of  green  coal  has  been  used.  Light  firing 
will  do  away  with  much  black  smoke,  which  is  an  indica- 
tion of  too  little  oxygen  for  the  amount  of  coal  supplied 
and  represents  unburned  carbon  and  a  loss  of  heat. 

Q.  34.  Does  black  smoke  represent  all  the  heat  loss 
that  may  be  taking  place  ? 

A.  No.  Colorless  gas  may  be  escaping  at  the  same 
time  unnoticed. 

Q.  35.  Is  there  any  economy  or  better  steam  results 
secured  by  "crowding"  or  over-firing  an  engine  that  is 
steaming  poorly. 

A.  No.  While  it  is  very  natural  for  a  fireman  when 
an  engine  Tags  on  steam  to  shovel  more  coal  ^than  the  fire 
can  consume,  the  result  is  to  only  make  a  bad  matter 
worse,  by  getting  a  bad  fire  and  causing  possible  delay  to 
clean  it.  It  is  all  right  to  put  in  an  extra  amount  of  coal 
to  determine  if  that  is  what  the  engine  needs,  but  when 
the  fact  is  once  determined  that  something  else  is  the  cause 
of  the  engine's  not  steaming  no  one  but  an  inexperienced 
man  can  be  excused  for  overfeeding  the  fire.  Yet  many 
experienced  firemen  can  not  refrain  from  shoveling  in 
more  coal  even  when  their  judgment  tells  them  that  it  is 
a  detriment  to  the  fire. 

Q.  36.  Does  heavy  firing  always  imply  a  fuel  loss  ? 
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down  at  these  points,  while  on  top  of  the  big  clinkers  the 
condition  would  be  unchanged.  The  slashbar  and  dump 
rate  is  the  only  remedy  for  this  kind  of  a  fire. 

Q.  40.  Why  does  a  full,  or  nearly  full  ashpan  injure 
combustion  ? 

A.  By  shutting  off  the  air  admission.  Ordinarily  the 
back  damper  will  supply  all  the  air  needed  for  combustion, 
but  when  the  fire  becomes  heavy  or  the  ashpan  filled,  both 
will  be  needed. 

Q.  41.     How  often  should  grates  be  moved? 

A.  This  is  a  matter  largely  born  of  practical  experi^ 
ence  and  good  judgment.  The  only  loss  that  can  come  to 
the  coke  of  the  coal  is  by  being  shaken  into  the  ashpan, 
unburned,  or  by  the  exhaust  tearing  the  fire  and  carrying 
pieces  of  coke  unburned  through  the  tubes.  Ordinarily 
coke  waits  to  be  burned,  while  the  gas,  like  time,  waits 
on  no  man  or.  fire. 

Q.  42.  What  are  the  effects  on  combustion  of  a  hole 
in  the  fire? 

A.  An  in-rush  of  air  is  permitted  at  that  point,  which 
cools  the  fire  and  the  gases  below  the  igniting  point.  A 
loss  of  heat  is  a  loss  of  fuel.  A  hole  in  the  fire  is  more 
injurious  to  combustion  than  a  dead  place  in  the  fire  that 
is  covered  with  ash.  A  fire  thick  enough  to  withstand 
the  exhaust,  and  thin  enough  so  that  the  light  from  it 
shines  into  the  ashpan,  may  be  considered  a  first-class  fire. 

Q.  43.     What  are  the  effects  of  fresh  coal  on  fire? 

A.  To  cool  it.  Then  the  coal  commences  to  break 
down  and  give  off  gas  with  which  the  oxygen  mixes,  and 
it  is  consumed.  The  thinner  the  coal  is  scattered  the 
quicker  this  process  takes  place.  The  amount  of  coal  must 
at  all  times  be  proportioned  to  the  work  being  done.  The 
fireman  who  keeps  a  clean,  light  fire  all  the  way  over  the 


CATECHISM  ON   COMBUSTION 


183 


road  will  have  steam  at  all  times  and  with  less  physical 
fatigue  than  the  fireman  who,  to  avoid  hoeihg  a  pan  or 
cleaning  a  fire,  allows  his  ashpan  to  fill  up  and  his  fire  to 
become  heavy. 

Q.  44.  What  are  the  effects  of  allowing  a  fire  to  burn 
too  low? 

A.  The  gases  formed  when  fresh  coal  is  thrown  in  will 
escape  unburned  on  account  of  the  low  temperature  in  the 
firebox,  and  a  great  loss  of  heat  will  result,  as  well  as  a 
loss  in  steam  pressure,  which  is  injurious  to  the  firebox 
and  boiler.    This  practice  also  spoils  a  fire. 

Q.  45.  What  are  some  of  the  aids  to  proper  combus- 
tion? 

A.  The  most  important  aid  is  a  good,  observant  fire- 
man, for  without  him  all  the  other  aids  fail.  No  matter 
what  devices  are  adopted  and  put  in  use  they  must  be 
handled  intelligently  by  the  man  with  the  shovel  to  secure 
success.  The  fireman  alone  can  keep  his  fire  in  good 
shape,  can  shovel  the  right  amount  of  coal  at  the  right 
time  and  handle  his  dampers  and  grates  so  as  to  secure 
the  best  results,  and  he  can  only  do  this  by  study  and  ob- 
servation, and  application  of  the  knowledge  he  thus  gains 
to  the  best  advantage  Next  to  the  fireman  is  the  air 
admission  to  the  firebox. 

Q.  46.     How  is  the  air  admission  hastened  ? 

A.  By  the  aid  of  the  exhaust  steam  forced  out  of  the 
nozzles  up  the  stack.  It  is  evident  that  natural  draft  could 
not  supply  the  amount  of  air  necessary  to  a  fire  when  an 
engine  is  working,  so  some  device  must  be  used  to  accel- 
erate the  air  admission  to  burn  sufficient  coal  to  meet  the 
demand. 

Q.  47.  How  is  the  exhaust  steam  made  to  act  as  a 
blast  on  the  fire? 
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.  The  tips  of  the  nozzles  being  smaller  than  the  base 
ling,  the  steam  escapes  with  a  greater  or  less  degree 
Dree,  according  to  the  restriction,  which  must  not  be 
reat  as  to  cause  back  pressure  in  the  cylinders  by  not 
ving  the  exhaust  steam  to  escape  quick  enough.  The 
;nt  rush  of  the  steam  up  the  stack  creates  a  vacuum 
le  smokebox  and,  at  the  same  time,  draws  heavily  on 
irebox  to  fill  the  vacuum  thus  created,  which  in  turn 
/s  on  the  atmosphere  through  the  medium  of  the  ash- 
and  dampers.  A  coal  of  a  hard  nature  requires  a 
per  exhaust  than  a  softer  one  that  is  more  easily 
en  down.  When  different  grades  of  coal  are  burned 
le  same  locomotive  it  is  plain  that  the  nozzle  must  be 
sted  to  burn  the  harder  coal,  so  that  when  the  softer 
is  used  there  will  be  a  waste  of  fuel.  The  harder 
es  of  bituminous  coal  are  of  a  poorer  quality  <than  the 
)T  ones.  A  diaphragm  plate  is  placed  in  the  front  end 
iflect  the  cinders  and  aid  in  regulating  the  draft,  and 
tticoat  pipe  is  placed  over  the  nozzle  standpipe  to 
f  the  exhaust  straight  up  the  stack,  for  should  it  be 
cted  against  one  side  or  the  other  of  the  stack  the 
t  is  to  partially  destroy  the  vacuum  in  the  front  end 
injure  the  draft. 

48.  What  does  the  degree  of  heat  in  a  locomotive 
cebox  indicate  ? 

That  there  is  a  great  loss  of  heat  which  should 
tilized  to  make  steam,  instead  of  being  wasted,  but 
leans  has  yet  been  found  that  could  do  this.  Modern 
ox  construction  has  done  much  to  care  for  the  waste 
sat  over  that  of  the  old  style  fireboxes,  but  there  is 
1  to  be  accomplished  yet  along  that  line.  The  velocity 
le  gases  through  the  -tubes  tends  to  cause  a  loss,  as 
I  is  no  time  in  their  passage  through  them  for  the- 
to  be  absorbed. 
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A.  By  retarding  the  escape  of  the  coal  gases  and 
throwing  them  back,  giving  more  time  for  the  mixing  of 
the  air  with  them  and  for  their  burning.  The  arch  is 
also  very  hot  when  the  engine  is  working,  and  it  aids 
in  keeping  the  temperature  of  the  firebox  up  and  in  burn- 
ing the  gases. 

Q.  56.  Is  the  arch  of  any  other  benefit  to  the  locomo- 
tive than  this? 

A.'  Yes.  Long  after  the  fire  is  out  the  arch,  which 
was  red  hot  when  the  fire  was  removed,  holds  its  heat 
and  allows  the  flues  and  firebox  to  cool  down  slowly  and 
thus  tends  to  keep  them  from  leaking. 

Q.  57.    What  objections  are  there  to  the  brick  arch  ? 

A.  Where  the  flues  are  leaking  it  is  hard  to  do  work 
on  them  unless  the  arch  is  removed,  and  often  this  takes 
too  much  time,  and  where  an  engine's  flues  are  poor  it 
can  not  be  douQ  every  trip. 

Q.  58.  How  does  the  interior  of  the  firebox  appear 
when  combustion  is  rapid  ? 

A.  Like  a  small  storm  center.  The  rapid  in-rush  of 
the. air,  the  quick  formation  and  burning  of  the  gases, 
which  is  really  a  series  of  miniature  explosions,  and  the 
exhaust  pulling  powerfully  on  the  burning  gases,  which 
in  their  rush  to  escape  are  hurled  back  by  the  arch  to  be 
consumed  or  escape  through  the  stack,  are  all  the  work  of 
an  instant.  The  chemical  change  of  a  pound  of  coal  and 
its  equivalent  of  air  is  almost  too  rapid  for  comprehen- 
sion, when  one  considers  the  amount  consumed  in  a  short 
period  of  time. 

Q.  59.  What  effect  has  a  damp  atmosphere  or  too 
much  water  on  the  coal,  or  combustion? 

A.  *  It  retards  it,  as  this  moisture  must  be  absorbed  and 
it  takes  heat  to  absorb  it. 
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CATECHISM  ON  FRONT  ENDS. 

Question  i.  What  is  the  thing  most  to  be  desired  in 
designing  a  front  end  arrangement  for  a  locomotive? 

Answer.  A  design  that  will  give  the  best  possible  re- 
sult in  the  way  of  draft. 

Q.  2.  What  is  meant  by  the  term,  the  best  possible 
result  ? 

A.  It  means  the  greatest  possible  amount  of  steam 
that  can  be  produced  from  the  smallest  possible  amount 
of  coal  consumed  to  perform  a  given  work  in  a  given 
time. 

Q.  3.  Is  a  fierce  blast  on  the  fire  any  indication  of  the 
best  possible  draft? 

A.  No!  The  fierce  blast  on  the  fire  is  usually  brought 
about  by  a  small  nozzle,  put  in  to. overcome  some  other 
shortcoming  of  the  draft  arrangement,  and  causes  the 
engine  to  consume  more  coal  than  it  should  to  do  its 
work,  if  it  had  a  proper  arrangement  of  the  front  end. 
The  small  stand-pipe  tips  are  also  very  frequently  the 
cause  of  back  pressure  in  the  cylinders,  as  the  avenues  of 
escape  for  the  exhaust  steam  are  too  small. 

Q.  4.  How  -should  the  inflow  of  air  through  the  grates 
and  the  outflow  of  air  through  the  flues  be  distributed  ? 

A.  As  equally  over  their  surfaces  as  possible.  Any 
front  end  arrangement  that  draws  a  greater  amount  of 
air  through  grates  at  any  given  point  or  through  any 
certain  number  of  flues  is  defective,  and  it  will  do  injury 
to  the  tubes  and  firebox,  and,  in  addition,  it  is  a  coal- 
wasting  device. 
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point  where  the  engine  stopped,  through  a  hopper  on  the 
bottom  of  the  smoke  arch.  A  peep-hole  plate  was  put 
on  the  side  of  the  smoke  arch  so  the  condition  of  the 
smokebox  could  be  seen  from  without. 

Q.  ID.  What  was  used  in  the  place  of  the  cone  in 
this  type  of  front  end? 

A.  A  deflector,  or  baffle  plate,  and  a  netting  in  the 
front  end  below  the  base  of  the  smokestack.  A  certain 
amount  of  cinders  were  thrown,  and  even  at  the  com- 
mencement of  a  trip,  with  the  front  end  clean,  and  if  the 
front  end  was  arranged  so  that  cinders  could  not  be 
thrown  out  at  all,  the  engines  would  not  steam  and  the 
front  end  would  fill  up  in  a  few  miles  and  require  fre- 
quent cleaning  out.  Gradually  these  front  ends  were 
modified  until  they  would  go  over  the  road  without  being 
cleaned  out.  So  that  after  a  certain  amount  of  cinders 
lodged  in  the  front  ehd  they  were  virtually  self-cleaning. 
This  style  of  front  end  was  supposed  to  lessen  the  danger 
of  fire  over  the  short  front  end. 

Q.  II.  What  objections  were  found  to  this  style  of 
front  end  arrangement? 

A.  Fires  were  still  set  out.  The  front  ends  filled  up 
and  burned  the  smoke-arch  so  that  it  cracked  and  leaked 
air,  destroying  the  front  end  vacuum.  Peep-hole  plates 
leaked  and  frequently  became  lost  and  cinder  hoppers 
burned  out  and  leaked  and  were  hard  to  keep  in  good 
condition. 

Q.  .12.     What  conclusion  did  locomotive  men  come  to? 

A.  That  if  a  locomotive  front  end  cleaned  itself  out 
nearly  all  the  way  over  the  road  it  might  as  well  do  it  all 
the  way  and  unnecessary  equipment  be  done  away  with, 
and  the  whole  front  end  arrangement  be  thereby  bettered. 
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A.  The  same  as  the  cylinder  exhaust,  only  in  a  minor 
degree. 

Q.  19.    What  definition  is  given  this  form  of  draft? 

A.    Forced  draft. 

Q.  20.     What  is  the  other  form  of  draft? 

A.    Natural  draft. 

Q.  21.    Define  natural  draft. 

A.  It  is  the  tendency  that  heated  air  or  other  gases 
have  to  rise,  allowing  cold  air  to  come  in  and  take  their 
place.  This  is  the  form  of  draft  that  the  locomotive 
has  when  standing  idle  with  fire  burning  and  blower  and 
air  pump  exhaust  closed.  An  engine  that  steams  well 
under  natural  draft  usually  will  with  forced  draft,  and  it 
indicates  a  well-arranged  front  end. 

Q.  22.  What  regulates  the  draft  with  the  short  front 
end? 

A.  The  variable  arrangement  of  the  petticoat  pipe 
with  the  nozzles  as  an  auxiliary  aid. 

Q.  2}^.  What  regulates  the  draft  with  the  extension 
front  end  ? 

A.  The  baffle,  or  diaphragm,  plate  with  the  nozzles 
as  an  auxiliary  aid. 

Q.  24.  Has  the  coal  anything  to  do  with  the  size  of 
nozzles  that  may  be  successfully  used  ? 

A.  Yes.  A  soft,  easily  igniting  coal  free  from  dirt 
and  slate  will  allow  the  use  of  larger  stand-pipe  tips  than 
a  harder  coal  containing  more  waste  material  and  that 
Ignites  more  slowly.  The  larger  the  nozzle  that  can  be 
used,  the  more  economical  will  be  the  coal  consumption. 

Q.  25.  What  would  the  result  be  if  the  baffle  plate 
ran  solidly  from  the  top  to  the  bottom  of  the  smoke  arch  ? 

A.  There  would  be  no  communication  from  firebox  to 
smokebox.     Some  forms  of  extension  front  ends  almost 
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A.  Whether  it  would  be  more  economical  in  the  mat* 
ter  of  coal  saving;  if  a  saving  could  be  made  in  flues  and 
the  general  care  of  the  firebox ;  if  the  cinders  thrown  out 
by  the  self-cleaning  front  end  would  be  no  more  dis- 
agreeable to  the  traveling  public,  and  if  they  would  in- 
volve no  more  danger  of  fire.  The  latter  seems  to  have 
been  the  verdict  after  a  fair  trial,  for  the  self-cleaning 
front  ends  are  coming  into  very  general  use. 

Q.  32.  What  can  be  dispensed  with  in  the  self-clean- 
ing front  end  that  was  a  necessary  part  of  the  extension 
front  end? 

A.  All  that  portion  of  the  front  end  used  to  contain 
cinders,  the  cinder  hopper  and  the  peep-hole  plate. 

Q.  33.  Does  the  short  stack  on  the  big  engine  give 
as  good  steaming  results  as  the  long  stack? 

A.     No.    It  does  not. 

Q.  34.     How  is  this  in  a  measure  overcome? 

A.  By  the  use  of  a  suitable  petticoat  pipe.  Some 
roads  have  tried  using  an  extension  of  the  stack  down 
into  the  smokebox. 

Q.  35.  Has  this  proven  on  the  whole  to  be  a  satis- 
factory device? 

A.  It  has  not.  It  causes  the  smoke  and  gases  to  back 
up,  as  there  is  no  opening  to  the  stack  at  the  bottom  of 
the  smoke  arch;  this  destroys  the  natural  draft  of  the 
engine,  and  the  smoke  and  gases  coming  out  in  the  cab 
when  the  engine  is  not  working  steam  make  it  very  dis- 
agreeable for  the  men  in  the  cab. 

Q.  36.  Has  the  effort  to  dispense  with  petticoat  pipes 
been  a  success? 

A.  No.  For  the  following  reasons:  The  locomotive 
requires  smaller  nozzles,  and  therefore  uses  more  coal 
and  is  more  liable  to  back  pressure.    The  locomotive  will 
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ward.  An  engine  with  the  baffle  plate  too  near  parallel 
with  the  flue  sheet  would  not  be  a  good  steamer. 

Q.  42.  If  nozzle  tips  were  extended  above  the  base 
of  the  stack,  what  would  be  the  result? 

A.  The  required  vacuum  would  not  be  produced  in 
the  front  end  and  deficient  draft  would  result.  The  nozzle 
tips  must  be  enough  below  the  base  of  the  stack  to  draw 
on  the  contents  of  the  smoke  arch.  It  would  seem,  there- 
fore, that  the  petticoat  pipe  will  remain  for  some  time,  at 
least,  as  a  part  of  the  smoke  arch  equipment. 
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Cab    205 

Cab  Bracket 239 

Check  Valve , 121 
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Chime  Whistles 202 

Circumferential  Seam 125 

Cleaning  Door 25 

Connection  to  Truck  Brake 

Cylinder   243 
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Rig   115 

Counter  Balance  Weight . . .  240 
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D 

Deflector    Plate 27 

Dome 198 

Dome  Cap  \9Q 

Dome  Casing    200 

Draw  Bar  Plate 2 

Drip-Cock    173 

Driver  Brakes    140 

Driver  Brake  Cut-Out  Cock.244 

Driver  Springs    141 

Driver  Spring  Equalizer. .  .143 
Driver  Spring   Hangers. .  v  .142 


Crosshead    96 

Crosshead  Pin 95 

Cut-out   Valve 221 

Cylinder 57 

Cylinder  Casing    ' 67 

Cylinder  Chute    12 

Cylinder  Chute  Slide 13 

Cylinder  Cocks    68 

Cylinder  Cock  Lever 223 

Cylinder  Cocks  Rigging 69 

Cylinder  Lagging    66 

Cylinder    Saddle 41 
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Eccentric  Connection  Back- 
up     109 

Eccentric     Connection     Go- 
ahead    110 

Engine  Brake  Auxiliary . . .  242 
Engine  Brake  Triple  Valve.241 
Engine  Trucks  70 


Driver       Spring       Hanger 
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Driving  Axle    151 

Driving  Box  150 

Driving  Box  Shoe  147 

Driving  Box  Wedge 148 

Driving  Wheel    Centers 138 

Driving  Wheel  Tire 137 

Dry   Pipe 191 

Dry  Pipe  Hangers 193 

Dry  Pipe   Joint 35 

Engine  Trucks  Axle    73 

Engine  Trucks  Box  75 
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Engine  Trucks  Frame    ....  77 
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Pump  Piston  Packing 174 

Pump  Steam  Connection.  ..176 
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Stay  Bolts JB8  Rocker   Box 117 
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Safety  Hanger 85 

Safety  Valves 201 

Sand  Box 134 

Sand  Box  Lever 135 

Sand  Lever 216 

Sand  Pipe  136 
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Sight  Feed  Lubricator 224 

Signal   Lamp 16 

Signal  Pipe ....233 

Signal  Pipe  Hose 234 

Signal  Whistle   213 

Slide  or  Parallel  Rod 152 

Sling  Stay 189 
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Smoke  Arch  Front   19 

Smoke  Arch  Ring    20 
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Stack   Base 37 

Stand  Pipe   192 

Stay  Bolts  190 

Steam  Chest  44 
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Steam  Chest  Cover 43 

Steam       Cylinder       Brake 

Pump    170 

Steam  Gauge    208 

Steam  Pipe  182 

Steam  Pipe    (2) 33 

Steam  Ports   56 

Steam  Turret   209 

Steam  Valve    183 

Suspension  Stud 106 


Tail  Piece  of  Frame 238 

Throttle  Bell   Crank 196 

Throttle  Lever 215 

Throttle  Pipe    194 

Throttle  Stem    197 

Throttle  Valve    195 

Train  Pipe   103 

Train  Pipe   231 

Train  Pipe  Connection  from  • 
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Train  Pipe  Hose 232 

Train  Line    Connection    to 

Air  Gauge 250 

Truck  Brake   86 

Truck  Brake  Cut-out  Cock.245 

Truck  Center  Casting 63 

T.  or  Nigger  Head 34 

Tumbling  Shaft    113 

Tumbling  Shaft   Arm 112 

Tumbling  Shaft   Lever 114 
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Valve  Steam    49  Valve  Yoke    48 
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W 

Wash-out   Plugs 104  Wheel  Guard 87 
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RACTION  AND  ADHESION. 

JF  LOAD  ON  THE  DRIVING  WHEELS. 

ery  dry 600  lbs.  per  ton. 

ery  wet 550  lbs.  per  ton. 

le  rails  are  greasy.  .300  lbs.  per  ton. 
'eather 200  lbs.  per  ton. 

s  the  adhesive  force  is  due  to  the 
upled  to  the  driving  wheels. 
r  must  exceed  the  tractive  force  of 
Is,  otherwise  the  wheels  will  slip, 
wheels,  see  the  following: 


)F    WEIGHT    IN    LOCOMOTIVES. 

ition  of  the  weight  of  a  six-wheeled 
els  is: 
weight  of  the  engine  working  or- 


Passenger  Freight 

Engines.  Engines, 

eels 32  .34 

eels 48  .36 

eels 20  .30 


engine i.oo 
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SECONDS    PER   MILE   IN    MILES    PER   HOUR. 


Seconds 


Miles 


Seconds 


Miles 


I 


per 

per 

per 

per 

Mile 

Hour 

Mile 

Hour 

24 

150 

58 

62 

25 

144 

59 

61 

26 

138.5 

60 

60 

27 

1333 

61 

59 

28 

128.5 

62 

58 

29 

1 24. 1 

63 

57.1 

30 

120 

64 

56.2 

31 

116.1 

65 

55-3 

32 

1 12.5 

66 

54-5 

33 

109 

67 

53-7 

34 

105.8 

68 

52.9 

35 

102.8 

69 

52.1 

36 

100 

70 

51-4 

Z7 

97-3 

71 

.  50.7 

38 

94-7 

72 

50 

39 

92.3 

73 

49-3 

40 

90 

74 

48.6 

41 

87.8 

75 

48 

42 

85-7 

76 

47-3 

43 

837 

77 

46.7 

44 

81.8 

78 

46.1 

45 

80 

79 

45-5 

46 

78.2 

80 

45 

47 

ye.e 

81 

44-4 

48 

75 

82 

43-9 

49 

73-4 

83 

43-3 

50 

72 

84 

42.8 

51 

70.5 

85 

42.3 

52 

69.2 

86 

41.8 

53 

67.9 

87 

41.3 

54 

66.6 

88 

40.9 

55 

654 

89 

40.4 

56 

64-3 

90 

40 

57 

63.1 
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12584  •  2-3  of  210  =  140  lbs. 

140 

.  503360 
12584 

53")  1761760(27,964  Pounds,  Tractive  Force, 
126 


607 
567 
406 
378 

280 
252 


lie  tractive  power  of  a  four-cylinder  compound  may 
scertained  by  the  following  formula: 


310  ;mechanical  examinations 

73  )  854100  (11,700 
73 


124 
73 


5" 
5" 

00 


LjOw  Pressure  Cylinder. 
25 


125 
50 

625 
26 

3750 
1250 

16250 
}i  of  220  =       55 

81250 
81250 


73  )  893750  (  12,243 
73 

163 
146 
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Allowing    8     lbs.  for  friction. 
ioox.375=37.5   lbs.  for  grade. 
4x.5625=  2.25  lbs.  for  curve. 

47-75 
we  have  47.75  ^^^'  resistance  per  ton. 

These  figures  are  not  given  as  absolutely  correct  in 
establishing  a  rating,  but  will  serve  to  work  from  in  mak- 
ing up  trains  for  test.  The  only  correct  method  to  rate 
an  engine  is  to  take  several  engines  of  the  same  class  and 
make  actual  tests  in  service  to  get  the  hauling  capacity, 
then  reduce  the  tonnage  of  train  to  meet  the  require- 
ments of  the  service  and  leave  a  sufficient  margin  of 
power  to  insure  proper  time  being  made  under  average 
conditions.  The  old  method  of  "the  last  car  she  will  pull" 
lost  out  long  ago,  and  the  most  economical  rating  at 
the  present  time  is  a  train  that  can  be  handled  and 
gotten  over  the  road,  without  tying  up  opposing  or  fol- 
lowing trains. 


SHORTCUTS  FOR  FIGURING  RESULTS. 

To  find  the  circumference  of  a  circle  multiply  its  diam- 
eter by  3.1416. 

To  find  the  diameter  of  a  circle  multiply  its  circumfer- 
ence by  .31831. 

To  find  the  area  of  a  circle  multiply  the  square  of  its 
diameter  by  .7854. 

To  find  the  cubic  inches  in  a  ball  multiply  its  cube  of 
diameter  by  .5236. 

To  find  the  revolutions  of  drivers  per  mile  divide  1680 
by  the  diameter  of  the  wheel  in  feet. 
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Each  nominal  horse  power  of  boilers  requires  i  cubic 
foot  of  water  per  hour. 

In  calculating  horse  power  of  steam  boilers,  consider 
for  Tubular  boilers  15  square  feet  of  heating-  surface 
equivalent  to  i  horse  power;  Flue  boilers  12  square  feet 
of  heating  surface  equivalent  to  i  horse  power,  and  Cylin- 
der boilers  10  square  feet  of  heating  surface  equivalent 
to  I  horse  power. 

To  find  the  area  of  a  piston,  square  the  diameter  and 
multiply  by  .7854. 

To  find  the  pressure  in  pounds  per  square  inch  of  a  col- 
umn of  water  multiply  the  height  of  the  column  in  feet 
by  .434,  (Approximately  we  generally  call  every  foot 
elevation  equal  to  J^  lb.  pressure  per  square  inch.) 

To  find  the  capacity  of  a  cylinder  in  gallons.  Multi- 
plying the  area  in  inches  by  the  length  of  stroke  in  inches 
will  give  the  total  number  of  cubic  inches ;  divide  this 
amount  by  231  (which  is  the  cubical  contents  of  a  gal- 
lon in  inches),  and  product  is  the  capacity  in  gallons. 
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Speed  the  revolutions  of  the  wheels  are  not  increased  so 
much  over  normal  as  when  slipping  at  a  low  rate  of 
speed. 

Q.  9.    What  is  used  to  avoid  or  overcome  driving 
wheels  slipping? 

A.     Sand. 

Q.  10.  Should  steam  always  be  shut  off  from  cylin- 
ders before  sand  is  applied  to  rails  ? 

A.  Yes,  in  all  cases.  If  engine  is  slipping,  the  sud- 
den catching  of.  wheels  is  liable  to  result  in  the  loss  of 
a  crank  pin  or  other  damage,  besides  subjecting  it  in  any 
event  to  an  unnecessary  strain. 

Q.  II.    What  effect  has  the  use  of  sand? 
A.    To  increase  the  adhesion  of  the  driving  wheels 
and  the  friction  of  the  train  wheels. 

Q.  12.  Upon  what  is  the  power  of  a  locomotive  to 
do  work  dependent  ? 

A.  On  the  energy  it  can  exert  to  produce  motion  with- 
out the  driving  wheels  slipping,  and  is  dependent  on  the 
adhesive  power  of  the  locomotive.  This  power  is  pro- 
portional to  the  weight  on  the  driving  wheels. 

Q.  13.    What  is  adhesion? 

A.  The  property  which  the  wheels  have  of  clinging 
to  the  rails. 

Q.  14.  How  may  adhesion  be  increased  or  dimin- 
ished ? 

A.  Increased  by  the  use  of  sand,  which  makes  the 
friction  greater,  and  lessened  by  a  wet  or  frosty  rail, 
which  reduces  the  friction.  Sand  on  a  wet  rail  will  give 
about  the  same  adhesion  that  a  dry  rail  would  have  with- 
out the  use  of  sand.  If  the  sand  lever  is  opened  wide 
and  two  heavy  streams  of  sand  are  run  on  the  rail,  fric- 
tion will  be  greatly  increased  on  the  train  wheels  and  a 
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Q.  18.  How  much  of  the  driving  wheel  tire  rests  on 
;  rail? 

A..    About  the  width  of  a  line. 

Q.  19.  Should  the  use  of  sand  on  one  side  be  avoided? 
A,,  Yes,  as  the  strain  of  both  engines  is  thrown  on 
e  side.  Should  the  wheels  slip  and  catch,  there  is 
:ater  likelihood  of  damage. 

3.  20.  Is  there,  anything  aside  from  a  "bad"  rail  that 
II  cause  wheels  to  slip? 

\.  Yes.  Too  great  cylinder  power  for  the  adhesion 
the  wheels.  This  condition  is  not  intended  to  exist. 
small  driving  wheel  will  slip  with  the  same  cylinder 
vef  more  easily  than  a  larger  wheel  because  greater 
erage  is  exerted. 

3.  21.  What  part  of  a  locomotive's  weight  is  available 
adhesive  weight? 

\.     About  75  per  cent,  of  its  total  weight,  although 
ne  recently  built  locomotives  have  as  high  as  88  per 
t.  of  their  weight  on  the  driving  wheels. 
3.  22.     Why  is  it  not  possible  to  put  all  the  locomo- 
;'s  weight  on  the  driving  wheels  ? 
K.     Because  it  would  increase  the  rigid  wheel  base  to 
unsafe  degree,  as  the  engine  would  not  "curve"  read- 
and  safely,  and  it  is  therefore  necessary  to  carry  a 
tion  of  the  locomotive's  weight  on  engine  trucks  that 
used  as  a  guide  for  the  locomotive. 
).  23.     What  is  tractive  power  in  a  locomotive? 
i.     Its  power  to  pull.    It  is  always  less  than  adhesive 
I'er. 

}.  24.     On  what  is  the  tractive  power  dependent? 
i..     The  length  of  the  stroke,  area  of  piston,  average 
»n  effective  steam  pressure  and  diameter  of  driving 
sels. 
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A.  Inversely.  That  is,  as  the  size  of  the  wheel  is 
decreased  the  tractive  power  increases,  and  vice  versa. 

Q.  28.  What  is  the  reason  for  the  increase  of  power 
with  a  small  driving  wheel? 

A,  Because  the  fulcrum  of  the  lever  and  point  of  ap- 
plication are  brought  nearer  together  without  shorten- 
ing the  lever.     It  is  a  well  known  fact  that  in  the  use 

ft 

of  a  lever,  the  shorter  the  distance  between  the  fulcrum 
and  the  point  of  contact  (or  bite,  as  it  is  often  called),  can 
be  and  still  be  effective,  the  greater  the  force  exerted 
with  the  same  length  of  lever  and  the  more  easily  can 
the  object  worked  on  be  moved.  On  a  small  driving  wheel 
the  lever  or  crank  can  not  go  beyond  a  certain  length 
or  the  rod  end  connections  will  strike  t;he  ties.  The  real 
tractive  power  of  a  locomotive  is  the  difference  obtained 
through  the  agency  of  the  crank  pin  over  the  pressure 
exerted  against  the  piston  head  in  one  direction  and  the 
cylinder  head  in  the  other. 

Q.  29.  What  has  a  locomotive  to  overcome  in  pro- 
pelling a  train? 

A.  Its  own  inertia,  the  inertia  of  its  load  and  the 
friction  of  both. 

Q.  30.     How  is  train  friction  increased? 

A,  By  too  free  use  of  sand  and  dry  journal  bear- 
ings. 

Q.  31.    How  is  engine  friction  increased? 

A.  By  deficient  lubrication.  This  does  not  amount  to 
so  much  except  in  case  of  the  valves,  where  it  is  very  no- 
ticeable, especially  in  the  case  of  high-pressure  engines. 

Q.  32.  What  is  true  then  in  regard  to  adhesive  and 
tractive  power  ? 

A.  That  adhesion  depends  on  the  weight  resting  on 
the  drivers,  which  is  from  75  to  88  per  cent,  of  the  whole 


*THE  LOCOMOTIVE  BOILER. 

"The  boiler  shell  in  longitudinal  section,  partial 
is-section,  and  partial  end  view,  shown  in  Fig.  56,  is 
pted  for  burning  bituminous  coal.  The  principal 
ts  are  the  firebox  A,  the  boiler  barrel  or  waist  B,  the 
ikebox  C,  the  extension  front  C,  the  smokestack  D, 

the  steam  dome  E. 
The  firebox  is  the  part  of  the  boiler  which  is  varied 
the  different  fuels;  for  bituminous  coal,  according  to 
quality,  the  depth  of  the  fire  is  from  16"  to  24",  and 
firebox  must  be  built  deep  enough  for  the  combus- 
..  Since  it  requires  but  a  small  grate  area,  it  is  pos- 
E  to  place  the  fire-box  between  the  two  driving  axles, 
anthracite  the  fire-box  is  larger  in  size  than  for  soft 
I,  because  a  shallower  fire  is  necessary,  ranging  from 
ip  to  17"  in  depth;  therefore  a  larger  grate  surface 
equired  for  combustion  than  in  those  boilers  burn- 
bituminous  coal. 

The  fire-box  is  composed  of  the  outside  shell  a  and 
inside  shell  fr,  the  space  between  them  being  filled 
li  water,  except  the  upper  part,  which  is  only  partly 
d  with  water,  the  remaining  space  being  filled  with 
m.  The  upper  part  c  of  the  inside  shell  is  called  the 
tm  sheet,  and  is  usually  flat,  as  shown  in  the  cross- 
ion.  F  is  the  door,  or  furnace  opening,  through 
ch  the  fuel  is  thrown  on  the  grate.  The  mud  ring  k 
es  the  opening  between  the  inner  and  outer  shells. 
At  h  is  shown  one  of  the  handholes,  or  mud-holes, 

^ivil  Engineering,  Inter.  Text  Book  Co. 
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wagon  top;  4  is  the  third  ring  or  dome  sheet.  These 
parts  form  the  barrel  of  the  boiler.  Sheet  5  is  the  sheet 
that  connects  the  underside  of  the  barrel  of  the  boiler  to 


Fig.  57. 

the  outside  shell  or  firebox  and  is  usually  termed  the 
throat  sheet;  6  is  the  outside  sheet  of  the  firebox;  7  is 
the  back  boiler  sheet,  or  head;  and  8  is  the  roof  sheet. 
The  firebox  consists  of  a  back  sheet,  flue  sheet,  two  side 
sheets  and  a  crown  sheet.    The  front  flue  sheet  is  next 


Figure  58.     Showing  the  Parts  of  a  Boiler. 

to  the  smokebox.  The  lower  edges  of  the  inside  and 
outside  shells  of  the  firebox  are  riveted  to  an  iron  ring 
called  the  "mud  ring." 

The  various  parts  of  a  locomotive  boiler  are  indicated 
in  figure  58,  each  part  being  numbered  to  correspond 
with  the  proper  name  of  the  part  as  follows: 


/  firebox;  2  mud  or  foundation  ring;  j  fire  door 
opening ;  ^  water  space  or  water  leg ;  5  brick  arch  tubes ; 
these  either  go  into  back  sheet  or  above,  as  shown  by 
dotted  Hnes;  6  crown  sheet;  7  brick  arch,  made  of  fire 
brick;  these  become  red  or  white  hot  and  aid  combus- 
tion of  gases ;  8  firebox  flue  sheet  or  back  flue  sheet ;  p 


FlBun   SB.     Bolter  as    Sent   to    BrectlDg    SUop. 

Rlvetlnc  Bnlslied,  sU^-boIte  screwed  In,  dome  mounted,  and  tube  sheets 

Inserted. 

fusible  plug,  made  of  brass  with  a  soft  metal  center  which 
melts  when  the  crown  sheet  becomes  dry  and  allows  the 
steam  to  flow  into  the  firebox  and  extinguish  the  fire ; 
10  back  sheet  of  outer  shell ;  //  dome ;  12  slope  sheet ; 
f  J  front  sheet ;  14  front  flue  sheet ;  1$  middle  smoke  box 
ring;  16  front  smoke  box  ring.  The  flues  are  shown 
broken  in  the  center,  but  no  one  will  be  in  doubt  as  to 
the  way  they  look  or  their  proper  name. 


Gl 
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TO  FIND  INSIDE  DIAMETER  OF  BOILER. 

To  find  the  inside  diameter  of  a  locomotive  boiler: 
Rule, — Multiply  the  diameter  of  the  cylinder  in  inches 

by  2.98 ;  the  product  will  be  the  diameter  of  the  boiler 

in  inches. 


strips  of  magDEHla  are  u&ed  for  tb«  purpoafl,  fastened  by  cleats  t 
wire  hoopa  euclrcllnE  tbe  sbell.  Cj'llnders  -are  lagged  with  cemenl 
OulBlds  the  iBBglnB,   1b  fasterned   a  protective  sheet-Iron  jBttet. 


AREA  OF  FIRE  GRATE. 

To  find  the  area  of  the  fire  grate  of  a  locomotive 
boiler : 

Rule. — Multiply  the  diameter  of  the  cylinder  by  ,87; 
the  product  will  be  the  area  in  square  feet. 
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AREA  OF  CYLINDER. 

Rule. — To  find  the  area  of  a  cylinder,  multiply  the 
diameter  of  the  cylinder  by  the  diameter  in  inches,  and 
multiply  the  product  by  the  decimal  .7854;  the  product 
will  be  the  area  in  square  inches.  The  principle  of  this 
Rule  is  that  for  every^imaginable  diameter  of  a  circle,  if 
a  square  be  circumscribed  around  it,  the  circle  will  oc- 
cupy .7854  part  of  such  square. 

To  get  the  solid  contents  of  a  cylinder,  multiply  its 
end  area  by  the  combined  length  of  the  stroke  and  clear- 
ance in  inches;  the  product  will  be  the  capacity  of  the 
cylinder  in  cubic  inches,  which  divided  by  1,728  will 
give  the  cubic  feet. 

RULES  FOR  BOILER  FEEDING. 

1.  Engineers  are  responsible  for  the  constant  mainte- 
nance of  a  safe  supply  of  water  in  the  boiler;  also  for 
the  observance  of  proper  methods  of  boiler-feeding 
whether  by  themselves  or  firemen. 

2.  The  steam  pressure  should  be  kept  approximately 
within  the  limit  of  ten  pounds. 

3.  Opportunities  for  storing  hot  water  in  the  boiler 
should  be  improved  when  this  can  easily  be  done,  to 
help  the  engine  when  the  work  is  heavy,  and  to  save 
coal. 

4.  Surplus  steam  should  not  be  permitted  to  blow  off. 
When  the  water  in  the  boiler  is  up  to  the  working  limit, 
the  surplus  steam  should  be  used  for  heating  the  water 
in  the  tank. 

Saving  coal  is  important;  but  safety  of  trains,  and 
their  prompt  movement,  are  still  more  important,  and  no 
risks  of  damage  or  delay  should  be  incurred  in  order  to 
save  fuel. 
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6  169.2  3901  33  256.8  808 

7  176.0  3380  34  258.6  786 

8  182.0  2985  35  260.3  765 

9  187.4  2676  36  262.0  746 

10  192.4  2427  37  263.7  7^7 

11  197.0  2222  38  265.3  710 

12  201.3  2050   '  39  266.9  693 

13  205.3  1903  40  268.4  677 

14  209.0  1777  41  269.9  662 

15  213.0  1669  42  271.4  647 

16  216.4  1572  43  272.9  634 

17  219.6  1487  44  274.3  620 

18  222.6  1410  45  275.7  608 

19  225.6  1342  46  277.1  506 

20  228.3  1280  47  278.4  584 

21  231.0  1224  48  279.7  573 

22  233.6  1 172  49  281.0  562 

23  236.1  1 125  50  282.3  552 

24  238.4  1082  51  283.6,  542 

25  240.7  1042  52  284.8  532 

26  243.0  1005  53  286.0  523 

27  245.1  971  54  287.2  514 


♦WHY  ENGINES  DO  NOT  STEAM. 


'^Nothing  is  more  unpleasant  to  an  engine  crew  or 
train  dispatcher,  and  in  fact  every  one  who  is  in  any  way 
responsible  for  the  condition,  than  for  the  report  to  be 
sent  over  the  wire,  'Engine  not  steaming/ 

"The  next  thing  is  to  ascertain  the  cause,  if  the  fail- 
ure to  steam  is  something  new  to  the  engine;  if  it  is  a 
chronic  condition  the  cause  will  no  doubt  be  known,  for 
even  with  pooled  engines  they  have  reputations  the  same 
as  people.  It  may  be  on  account  of  leaky  flues  or  fire- 
box sheets,  improper  firing  by  reason  of  a  new  or  incom- 
petent fireman,  improper  handling  of  the  engine  by  en- 
gineer, overpumping,  poor  coal,  flues  or  grate  openings 
stopped  up,  leaky  steam  or  standpipe,  or  some  disar- 
rangement of  the  front  end  draft  appliances. 

"If  the  engine  is  overloaded,  then  the  fault  is  with 
the  dispatcher  or  those  in  authority  over  him.  If  it  is  a 
chronic  case  of  not  steaming,  the  engine  having  been 
frequently  reported  as  in  that  condition  and  the  fault 
not  remedied,  then  the  fault  lies  on  the  roundhouse  force 
for  not  doing  the  work.  Quite  often  half  done  work  or 
work  that  should  have  been  done  being  utterly  neglected, 
is  the  cause  of  engines  failing  to  steam.  When  first  leav- 
ing the  division  terminal  the  engine  will  do  fairly  well 
with  a  clean  fire,  but  gradually  she  gets  worse  and  worse 
as  the  fire  becomes  bad,  and  finally  an  engine  failure  is 
recorded.    False  economy  may  be  responsible  for  a  small 


*W.  L.  French. 


236 


238  MECHANICAL  EXAMINATIONS 

dition  of  the  tubes  could  only  be  learned  by  examina- 
tion, as  the  men  who  failed  to  do  their  work  will  not 
speak  of  their  own  neglect. 

'It  would  be  a  matter  of  economy,  where  many  en^ 
gines  are  handled  at  a  roundhouse  each  day,  to  pay  the 
man  in  charge  of  this  work  more  money  per  day  than 
the  ordinary  roundhouse  worker  and  then  hold  him  re- 
sponsible for  results.  The  extra  cost  would  be  saved  in 
fewer  engine  failures  and  overconsumption  of  coal. 

"If  flues  were  bored  out  regularly  and  thoroughly  they 
could  be  kept  open  easily.  Compressed  air  could  be 
used  if  they  were  blown  out  each  trip.  Another  cause  of 
neglect  to  bore  out  flues  and  keep  the  flue  sheet  clean  is 
the  brick  arch,  just  as  it  causes  neglect  of  leaky  flues 
when  the  work  needs  to  be  done  while  the  arch  is  still 
hot. 

"An  engine  comes  in  and  is  to  go  out  as  soon  as  it  can 
be  made  ready.  The  fireup  man  knocks  off  what  honey- 
comb he  can  gQt  at  easily  above  the  arch,  pokes  the  ash 
out  of  the  end  of  the  flues  that  can  be  seen  from  the  fire- 
box door;  perhaps  he  cleans  out  the  openings  in  the 
grates  and  perhaps  he  does  not;  lights  a  fire  on  the 
grates  and  announces  the  engine  ready  as  soon  as  she 
makes  steam. 

"On  the  surface  everything  looks  all  right,  but  it  is 
not  all  right.  Back  of  the  arch  is  a  solid  sheet  of  honey- 
comb  over  the  flue  sheet,  and  many  flues  are  stopped  up 
solid  and  the  engine  goes  out  and  makes  a  failure,  or 
the  crew  worries  along  over  the  road  without  steam,  are 
on  duty  excessive  hours  and  burn  more  coal  by  far  than 
should  have  been  necessary  before  the  terminal  is  reached. 

"Where  a  brick  arch  is  employed  the  top  tubes  receive 
more  of  the  draft  than  the  lower  ones,  and  consequent- 
Iv  the  bottom  rows  of  tubes  stop  up  more  easily. 
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increase  the  draft,  and  when  steam  is  shut  off  the  dis- 
mal song  of  the  blower  comniences  in  an  effort  to  get 
steam  enough  to  make  the  next  town.- 

"Allowing  the  ashpan  to  fill  up  so  as  to  shut  off  or 
even  hinder  the  draft  will  spoil  an  engine's  steaming. 
Many  firemen  assume  that  the  ashpan  on  large  engines 
are  designed  to  hold  all  the  ash  of  a  trip,  regardless  of 
how  long  the  trip  may  be  or  what  its  conditions.  Clean- 
ing an  ashpan  when  it  needs  it  will  often  save  the  fire- 
man far  more  work  in  other  directions  than  that  em- 
ployed in  cleaning  the  pan,  in  addition  to  the  satisfac- 
tion of  having  steam.  Air  must  enter  the  ashpan  and 
pass  up  through  the  grates  and  fire  for  an  engine  to 
steam,  no  matter  how  admirable  the  front  end  arrange- 
ment may  be. 

"The  diaphragm  plate  should  be  far  enough  away 
from  the  front  flue  sheet  to  give  a  free  opening  for  the 
passage  of  the  smoke  and  gases,  and  slope  away  from 
the  sheet  toward  the  bottom. 

"The  nozzles  should  not  be  compelled  to  force  the 
draft  through  the  flues.  The  opening  should  be  large 
enough  to  care  for  the  steam  from  the  cylinders  without 
back  pressure. 

"If  the  movable  part  of  the  diaphragm  plate  comes 
down  on  the  road,  the  front  end  can  be  opened  and  a 
rod  run  in  one  of  the  flues  to  hold  it  up  to  its  own 
proper  level. 

"Netting  in  the  front  end  should  be  put  in  sloping, 
as  it  will  clear  of  cinders  better,  and  it  should  be  small 
enough  so  that  the  exhaust  will  clean  it  thoroughly. 

"If  the  petticoat  pipe  comes  down  on  the  road  the  ex- 
haust will  be  deflected  from  the  stack  or  to  one  side  of 
it  and  the  engine  will  not  steam,  as  the  vacuum  in  the 
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"An  injector  should  not  be  started  when  pulling  a 
train  out  of  town  until  the  train  has  gained  way,  the 
lever  has  been  hooked  back  and  the  maximum  steam 
pressure  has  been  obtained,  as  it  is  possible  to  avoid  doing 
so.  After  the  lever  has  been  hooked  back  the  steam 
drain  by  the  throttle  is  not  so  great,  the  fire  is  burning 
at  its  best  and  the  water  thrown  by  the  injector  will 
affect  the  steaming  of  the  engine  scarcely  at  all,  if  any, 
when  injector  is  started.  Where  water  is  low  in  the 
boiler  this  course  can  not  always  be  followed,  but  it 
should  be  when  possible. 

"The  supply  of  water  furnished  a  boiler  should  not 
exceed  the  amount  being  converted  into  steam  when  the 
engine  is  working,  and  on  local  freight  runs  it  can  be 
something  less,  as  the  amount  lost  can  be  regained  at 
the  next  stopping  place  with  economy  in  coal,  as  the 
steam  can  be  kept  down  and  not  blown  away  through 
the  pops. 

'With  a  new  fireman  on  an  engine  one  expects  steam 
troubles,  as  the  business  is  not  learned  in  a  mile  or  a 
day,  but  if  the  fireman  is  an  experienced  man  it  is  only 
neglect  or  carelessness  on  his  part  when  he  fails  to  do  his 
work.  Neglect  to  handle  the  grates  so  as  to  keep  the 
fire  light,  to  keep  the  ashpan  clean  enough  so  the  grates 
can  be  moved  when  necessary  and  the  fire  receive  proper 
draft,  and  to  put  coal  in  the  firebox  when  and  where 
needed  is  no  more  excusable  than  overworking  or  over- 
pumping  an  engine.'' 
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neglect  means  scales  and  mud  in  the  boiler  and  that  means 
leaks.  For  the  fireman  to  allow  the  steam  to  go  down 
and  the  fire  to  grow  low,  because  he  knows  he  can  "pick 
her  up"  whenever  he  wants  to,  is  breeding  more  of  the 
same  sort  of  trouble.  Proper  firing  up  and  avoiding  the 
use  of  the  blower  with  a  low  fire  most  of  all,  and  care- 
ful inspection  with  the  repairing  of  any  minor  defect  that 
is  found,  will  do  much  to  keep  a  boiler  in  good  condi- 
tion. 

Q.  4.    What  is  one  of  the  prime  causes  of  leaky  boilers  ? 
A.     Scales   and   mud   banking   about   the   tubes   and 
against  the  sheets. 

Q.  5.     What  is  the  principal  cause  of  their  formation  ? 
A.     Impure  water. 

Q.  6.     How  are  they  formed? 

A.  As  evaporation  of  the  water  takes  place  the  car- 
bonate of  lime  is  precipitated,  forming  scale.  This  proc- 
ess continues,  and  as  time  goes  on  the  scale  becomes 
thicker  and  thicker  and  the  water  is  thereby  removed 
farther  and  farther  from  the  sheets,  staybolts  and  flues, 
with  a  consequent  injury  to  them.  One  sign  of  scale  or 
mud  in  a  boiler  is  the  flue  sheet-  "honey  combing,"  or 
coating  over  when  on  the  road;  ancther  is  small  pieces 
of  unburned  coal  clinging  to  the  sheets. 

Q.  7.  What  effect  will  this  scale  formation  have  on 
the  sheets  and  tubes? 

A.     It  will  cause  them  to  overheat. 

Q.  8.     What  does  this  result  in? 

A.  Bulged  sheets  and  collapsed  tubes.  The  sheet  be- 
coming too  hot  grows  soft  and  yields  to  the  pressure 
from  within.  It  may  move  slightly  away  from  the  scale 
and  allow  water  to  pass  in  between  and  cool  the  sheet, 
but  eventually  the  scale  will  reform,  the  old  process  will 
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drawn  off  with  the  out-rush  of  the  steam  and  water 
through  the  blow*off  pipe. 

Q.  13.     Should  an  engineer  feel  it  his  duty  to  blow  out 
the  boiler  frequently  ? 

A.,   Yes.    As  often  as  he  can.    It  will  keep  the  boiler 
in  better  condition  and  it  is  for  his  own  interest  to  do  this. 

Q.  14.  What  effect  has  frequent  caulking  on  staybolt 
heads,  tubes  and  sheet  seams  ? 

A.  It  wears  them  out  rapidly.  The  head  on  the  flues 
wears  off,  as  do  the  heads  of  stay  and  crown  bolts,  seams 
of  sheets  and  edges  of  cracks.  Often  one  will  hear  a 
boilermaker  say,  "There  is  nothing  left  to  caulk."  It  is 
better  if  possible  to  avoid  the  cause  of  leaking  than  to 
apply  the  remedy. 

Q.  15.  What  other  causes  beside  scale  or  rapid  change 
in  temperature  or  pressure  will  cause  boilers  to  leak  ? 

A.  Vibration,  which  occurs  most  in  large  engines  with 
long  heavy  flues.  Poor  material  or  poor  workmanship  or 
both  often  has  much  to  do  with  leaky  boilers. 

Q.  16.  Will  the  removal  of  the  scale  or  mud  and  the 
straightening  of  a  bulged  sheet  usually  give  good  results  ? 

A.  It  depends  on  the  condition  of  the  iron.  If  the 
"life"  or  elasticity  has  not  gone  out  of  it  good  will  be 
accomplished,  but  if  it  has  there  will  be  no  good  result- 
ing. After  a  mud  bank  forms  it  will  not  take  long  for 
the  tensile  strength  of  the  iron  to  be  destroyed. 

Q.  17.     How  are  staybolt  tests  made  ? 

A.  By  tapping  them  with  a  hammer  in  the  hands  of 
an  experienced  boilermaker.  Staybolts  break  next  to  the 
sheet,  and  many  railroads  have  small  holes  drilled  length- 
wise in  the  ends  of  the  bolts,  far  enough  to  pass  inside 
the  sheets,  so  that  when  a  bolt  breaks  steam  and  water 
escaping  through  the  hole  will  be  a  warning  of  the  break- 
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fit  tightly  in  the  flue ;  this  plug  should  be  from  12  to  18 
inches  long  and,  as  tubes  often  collapse  just  inside  the 
sheet,  it  may  save  a  job  of  plugging  the  flue  in  the  front 
end.  Drive  this  plug  in  the  flue  and  follow  it  up  with  an 
iron  one,  and  there  will  be  no  occasion  for  the  round- 
house man  to  go  over  that  part  of  the  work  when  you  get 
in,  as  the  wooden  plug  will  s-well  and  make  a  safe  job  of 
it.  Plug  the  smokebox  end.  This  is  often  a  difficult  job 
under  favorable  conditions,  on  account  of  the  location  of 
the  burst  flue,  and  one  that  is  well  nigh  impossible  on  the 
road.  As  a  rule,  with  a  burst  flue  where  the  engine  dies, 
the  best  plan  is  to  let  her  be  towed  into  the  terminal  and 
repaired  there,  as  clearing  the  main  line  is  the  vital  ques- 
tion now  days  and  it  takes  too  long  to  do  this,  even  if 
the  means  are  at  hand  to  fill  the  boiler  after  the  work 
has  been  done. 

Q.  23.     How  much  water  should  be  carried  in  boiler? 

A.  That  depends  somewhat  on  the  style  of  boiler  and 
the  kind  of  water  used.  A  half  glass  or  better  if  it  can  be 
carried  without  working  water  in  the  cylinder.  In  some 
localities  where  the  water  is  bad,  water  will  be  carried  into 
the  cylinders  when  it  barely  shows  in  the  bottom  of  the 
water  glass.  A  good  level  of  water  helps  in  getting  the 
train  under  way  and  over  hard  pulls,  and  the  larger  the 
body  of  hot  water  in  the  boiler  the  better  the  engine  will 
make  steam,  for  the  water  delivered  by  the  injector  has 
less  eflfect  on  it. 

Q.  24.  Is  the  water  glass  always  a  sure  indication  of 
the  true  water  level  ? 

A.  No.  The  top  water  glass  opening  to  the  boiler 
may  become  stopped  up,  thus  raising  the  water  in  the 
glass  above  the  true  level  in  the  boiler.  As  long  as  the 
water  is  in  sight  in  the  glass  and  works  up  and  down 
freely  in  unison  with  the  main  body  of  water  in  the  boiler 
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*CATECHISM  ON  STEAM. 

Question  i.  When  water  is  evaporated  by  the  applica- 
tion of  heat,  what  is  formed? 

Answer.    An  invisible  gas,  called  steam. 

Q.  2.  Is  there  any  common  experiment  that  will  prove 
steam  to  be  invisible? 

A.  Yes.  A  tea  kettle  containing  water  boiling  fiercely 
will  show  nothing  close  to  the  spout's  end,  but  a  short 
distance  from  it  vapor  can  be  seen.  The  real  live  steam 
is  that  portion  of  the  jet  extending  from  the  end  of  the 
spout  to  where  the  vapor  is  visible.  The  same  conditions 
can  be  sometimes  observed  in  connection  with  the  escape 
of  steam,  from  cylinder  cocks,  particularly  on  a  hot  day. 

Q.  3.     What  gives  steam  its  power  ? 

A.     Heat,  and  confining  it  in  a  given  space.     . 

Q.  4.     How  is  this  power  utilized  ? 

A.  By  making  use  of  the  property  of  heat  and  gas  to 
expand  when  given  an  opportunity. 

Q.  5.     Into  what  classes  may  steam  be  divided  ? 

A.     Wet,  saturated,  superheated,  and  dry  steam. 

Q.  6.     Describe  them. 

A.  Wet  steam  is  steam  carrying  a  considerable  num- 
ber of  water  atoips  entrained  with  it.  Saturated  steam  is 
where  no  moisture  of  any  moment  is  held  in  suspension 
by  the  steam.  Superheated  steam  is  steam  heated  to  a 
high  degree  before  being  transmitted  to  the  cylinder  for 
use.  In  locomotive  practice  this  is  accomplished  by  run- 
ning the  steam  through  a  coil  of  pipes  located  in  the 
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Q.  26.     What  is  radiation  of  heat? 

A.  The  giving  off  of  heat  by  rays  the  same  as  the 
sun  transmits  heat  to  the  earth. 

Q.  2y.    What  is  conduction  ? 

A.  The  passing  of  heat  along  a  metal.  Firemen  are 
aware  how  the  handle  of  a  slash  bar  will  heat  from  the 
end  in  the  fire  by  conduction  when  removing  clinkers 
from  the  firebox. 

Q.  28.     What  is  convection? 

A.  It  can  be  observed  best  in  the  heating  of  water. 
The  particles  of  water  nearest  the  fire  becoming  first 
heated  rise  to  the  surface  and  the  colder  water  from 
above  replaces  it.  It  is  a  form  of  circulation  brought 
about  by  the  action  of  the  heat. 

Q.  29.  Is  the  degree  of  conduction  in  all  substances 
the  same  and  dependent  only  on  the  degree  of  heat  to 
which  they  are  exposed? 

A.  No.  There  is  a  great  variation  in  the  conducting 
power  of  different  substances. 

Q.  30.     How  is  this  knowledge  utilized  ? 

A.  To  prevent  a  loss  of  heat  to  boilers  by  covering  the 
exposed  parts  with  some  good  nonconducting  material. 
Asbestos,  or  wood,  covered  with  Russia  iron,  is  the  ma- 
terial most  used. 

Q.  31.  In  addition  to  the  element  of  safety  introduced 
into  boiler  building  by  allowing  a  wide  margin  between 
the  pressure  carried  and  the  tensile  strength  of  the  iron, 
what  other  precaution  is  adopted  ? 

A.  Frequent  stay-bolt  and  boiler  tests  are  made  by 
hammer  and  water  pressure. 

Q.  32.  What  prevents  the  pressure  rising  beyond  a 
certain  point? 

A.    Valves,  called  safety  or  pop  valves,  adjusted  to  a 
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ity  from  the  man  to  blame  for  the  disaster  to  the  man, 
who,  being  killed,  is  beyond  the  reach  of  blame.  With 
low  water  the  sheets  may  be  heated  to  the  melting  point, 
or  so  that  the  softened  sheet  would  pull  over  the  bolt 
heads,  but  then  the  chances  are  for  a  rupture  of  the  sheet 
and  not  a  boiler  explosion.  Cold  water  admitted  might 
damage  a  sheet  by  a  too  sudden  cooling,  but  that  is  about 
the  worst  that  happens,  for  the  water  comes  in  at  the 
front  of  the  boiler  and  is  warmed  to  a  certain  degree  he- 
fore  it  reaches  the  firebox  sheets.  Heat  a  piece  of  boiler 
iron  a  foot  square  red  hot,  and  see  how  hot  it  will  make 
just  one  pail  of  cold  water  and  how  much  steam  it  will 
generate,  and  draw  your  own  conclusions  as  to  the  rest* 
Opening  a  valve  wide  might  cause  a  sudden  change  of 
pressure  that  would  damage  a  boiler,  but  not  enough  to 
cause  an  explosion. 

Q.  39.  What  is  the  difference  between  a  rupture  of  a 
boiler  and  a  boiler  explosion  ? 

A.  A  rupture  is  the  gradual  giving  away  of  any  por- 
tion of  the  boiler.  An  explosion  is  a  violent  rending  of 
the  parts  when  the  whole  shell  is  damaged  to  a  greater 
or  less  degree. 

Q.  40.  Is  there  usually  any  prior  indication  of  the 
giving  away  of  some  part  of  the  boiler  ? 

A.  Yes.  Bagging  or  blistering  of  the  sheets,  cracks  in 
their  surface,  stay-bolts  and  braces  breaking,  and  fre- 
quently leaking  of  seams  from  one  sheet  bulging  out  from 
the  other. 

Q.  41.     How  can  these  defects  be  discovered? 

A.     By  a  careful  inspection  by  a  competent  mechanic. 

Q.  42.  Is  testing  a  boiler  by  a  very  high  pressure,  one 
much  beyond  that?  which  it  usually  carries,  a  sure  sign 
that  the  boiler  is  perfectly  safe  ? 
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The  accompanying  three  plates  shown  in  colors  give  a 
graphic  representation  of  the  Nathan  type  "M"  non-lift- 
ing injector.  As  its  name  implies,  the  water  is  not  lifted 
by  this  type  of  injector.  It  forces  it  into  the  boiler.  Ac- 
cordingly it  has  to  be  placed  lower  than  the  lowest  water 
level  in  the  tank,  which  permits  water  to  flow  to  it  as 
long  as  any  remains  in  the  tank.  The  overflow  pipe, 
which  is  connected  with  the  overflow  space  in  the  injector 
body,  has  its  outlet  above  the  highest  water  level  in  the 
tank,  and  so  prevents  waste  of  water  when  the  injector  is 
not  working.  It  is  located  in  a  convenient  place  for  the 
engineer  or  fireman,  usually  inside  the  cab.  It  is  obvious 
that  by  locating  the  outlet  in  this  position  the  necessity  for 
closing  the  overflow  valve  20  is  done  away  with,  unless 
it  is  used  as  a  heater.  The  operating  rods  22  and  23  for 
the  water  and  steam  valves  are  carried  into  the  cab  within 
convenient  reach  of  the  engineer  or  fireman.  Plate  No.  i 
shows  the  injector  in  the  closed  position. 

It  will  be  seen,  by  referring  to  Plate  No.  i,  that  the 
parts  are  indicated  thereon  as  follows:  i  is  the  injector 
body.  2  is  the  yoke,  j  the  gland.  4  the  yoke  packing 
nut.  5  the  yoke  nut  lock.  6  the  steam  valve.  7  the 
steam  nozzle.  8  the  priming  valve  and  nozzle,  p  the 
universal  joints.  10  the  water  valve.  11  the  water  valve 
bonnet  and  nut.  12  the  intermediate  nozzle.  Jj  the  con- 
densing nozzle.  14  the  delivery  nozzle.  15  the  drain 
plug.  16  the  line  check  plug.  //,  the  line  check  valve 
cap.    18  the  overflow  pipe.    19  the  overflow  nozzle.    20 
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the  overflow  valve.  21  the  overflow  valve  stem  and 
handle.  22  the  steam  valve  handle.  23  the  water  valve 
handle.  24  the  steam  connection.  25  the  water  connec- 
tion.   26  the  connection  to  the  boiler. 

To  the  right  of  the  Pl^te  is  shown  an  enlarged  view 
of  the  priming  valve  and  nozzle  5,  the  steam  nozzle  7,  the 

f  intermediate  nozzle  12,  the  condensing  nozzle  /j,  and  the 

\  delivery  nozzle  14. 

i  The  colors  used  to  represent  the  different  pressures  or 

conditions  are:     Live  steam  from  the  boiler,  deep  blue. 

Condensed  steam  or  steam  and  water  intermingling,  green. 

'  Atmospheric  pressure,  orange.    Water  before  it  has  been 

in  contact  with  the  steam,  yellow. 
I  In  Plate  I,  the  steam  valve  6  and  water  valve  10  are 

i  shown  closed,  that  is,  the  valves  are  seated.    Water  from 

\  the  tank  is  shown  to  have  entered  the  connection  ^5,  but 

is  prevented  from  entering  the  injector  by  the  water  valve 
10  being  closed.  Live  steam  from  the  boiler  has  entered 
the  connection  24  and  fills  chamber  A  surrounding  the 
priming  valve  and  nozzle  5,  but  can  go  no  farther  on 
account  of  steam  valve  6  being  closed.  When  in  this 
condition,  atmospheric  pressure  fills  chambers  B,  C  and  D 
and  the  overflow  pipe  18.  In  practice,  however,  water 
valve  10  is  usually  left  partially  open  so  as  to  be  in  readi- 
ness for  immediate  operation,  in  which  case  the  water 
from  the  tank  entering  the  connection  2^  would  flow  up 
and  around  water  valve  /o,  in  chamber  B,  thence  into  and 
through  nozzles  7,  12,  /j  and  14,  into  chamber  C  and, 
unless  stopped  by  the  check  valve  16,  past  check  valve  16 
into  chamber  D  and  the  connection  26  to  boiler. 

To  operate  this  injector  it  must  first  be  seen  that  the 
overflow  valve  20  and  the  tank  valve  are  wide  open.  Then 
open  the  water  valve  10  a  turn  or  more  by  means  of  the 
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handle  ^j.  Open  steam  valve  6  slightly  by  means  of  the 
handle  22,  As  soon  as  steam  valve  6  is  raised  from  its 
seat  in  the  priming  valve  and  nozzle  8,  steam  from  cham- 
ber A  enters  and  passes  through  priming  valve  and  nozzle 
8  and  mingles  with  the  water  in  chamber  B,  The  steam 
when  coming  in  contact  with  the  water  condenses,  but  in 
doing  so  it  carries  with  it  sufficient  velocity  to  force  the 
water  through  intermediate  nozzle  12  and  condensing  noz- 
zle /J  into  the  overflow  pipe  18  (the  connection  to  over- 
flow pipe  18  is  shown  in  dotted  lines  at  the  lower  end  of 
condensing  nozzle  13),  up  to  and  around  overflow  valve 

20  and  out  the  overflow  nozzle  /p.  Upon  water  issuing 
from  the  overflow  nozzle  ip  the  steam  valve  6  should  be 
opened  wider,  unseating  the  priming  valve  8  and  permit- 
ting a  larger  volume  of  steam  to  pass  down  and  around 
priming  valve  8  and  through  steam  nozzle  7,  giving  a 
much  greater  velocity  to  the  flow  of  water  and  forcing 
it  through  the  delivery  nozzle  /^,  through  chamber  C, 
past  check  valve  16  into  chamber  D  and  out  the  connec- 
tion 26  to  the  boiler.  The  quantity  of  water  supplied  to 
the  boiler  should  be  regulated  by  the  water  valve  10  by 
means  of  handle  23,  When  sufficient  water  has  been  -ob- 
tained in  the  boiler,  to  shut  off  the  injector  it  is  only 
necessary  to  close  the  steam  valve  6  by  means  of  the 
handle  22,  thereby  leaving  the  injector  in  condition  for 
immediate  use  when  required.  By  leaving  the  water  valve 
open  the  injector  will  be  kept  in  a  much  better  condition 
and  scales  are  not  so  liable  to  form  in  the  nozzles  and 
injector  body  and  cause  trouble. 

In  cold  weather  the  injector  may  be  used  as  a  heater. 
To  do  so,  close  overflow  valve  20  by  means  of  the  handle 

21  and  slightly  open  steam  valve  6  by  means  of  the  handle 
22.    If  the  injector  should  be  in  danger  of  freezing,  drain 
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CATECHISM   ON    BELL  RINGERS. 


Question  i.  What  are  main  working  parts  of  an  in- 
jector? 

Answer.  The  steam  nozzle,  combining  tube,  delivery 
tube  and  the  overflow  nozzle. 

Q.  2.    What  is  the  use  of  each  of  these  parts? 

A.  The  steam  nozzle  directs  the  steam  to  the  com- 
bining tube,  where  it  unites  with  the  water.  The  com- 
bining tube  is  that  which  its  name  implies,  the  tube  where 
the  water  and  steam  combine ;  the  steam  is  condensed  and 
imparts  its  velocity  to  the  water,  moving  into  the  delivery 
tube,  where  the  greatest  velocity  is  attained,  and  passing 
through  the  delivery  tube  and  branch  pipes,  forces  the 
boiler  check  valve  from  its  seat  and  enters  the  boiler. 

Q.  3.  How  are  the  tubes  arranged  in  regard  to  each 
other  ? 

A.     They  are  in  exact  line  with  each  other, 

Q.  4.     What  is  the  shape  of  the  tubes  ? 

A.  Tapering.  The  small  ends  of  the  steam  nozzle  and 
the  combining  tube  all  face  toward  the  small  end  of  the 
delivery  tube. 

Q.  5.  What  three  kinds  of  injectors  are  commonly 
used  on  locomotives  ? 

A.  The  non-lifting,  the  lifting  and  the  restarting  in- 
jectors. 

Q.  6.     Explain  the  meaning  of  the  diflferent  names. 

A.     The  non-lifting  injector  is  one  so  located  on  the 
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A.  Because  the.  water  moving  through  the  branch  pipe 
has  pressure,  velocity  and  weight,  while  the  pressure 
within  the  boiler  is  at  rest  and  is  in  this  manner  over- 
balanced. 

Q.  II.    About  what  is  the  ratio  of  water  and  steam 
combining  in  the  ordinary  injector? 
.  A.    About  fifteen  parts  of  water  to  one  of  steam. 

Q.  12.  Why  is  the  delivery  tube  made  small  at  the  end 
where  it  receives  the  water  and  then  expands  ? 

A.  To  give  the  water  greater  velocity  when  it  escapes 
from  the  tube. 

Q.  13.  What  causes  the  lifting  effect  in  the  lifting 
injector? 

A.  The  vacuum  being  in  front  of  the  water  supply 
from  the  tank,  the  air  pressure  on  the  water  in  the  tank 
forces  the  water  up  into  the  injector. 

Q.  14.  If  an  injector  had  been  working  in  a  satisfac- 
tory manner  and  suddenly  stopped  working,  where  would 
.  be  the  first  place  to  search  for  trouble  ? 

A.  In  the  water  supply.  The  tank  valve  might  have 
become  disconnected.  The  strainer  might  be  stopped  up 
or  fine  coal  or  cinders  might  have  gathered  about  the  tank 
valve. 

Q.  15.  In  any  of  these  cases  how  would  you  remove 
the  obstruction  without  stopping  engine  and  taking  hose 
down? 

A.  Close  overflow-valve  and  blow  a  heavy  jet  of  steam 
back  through  the  tank  hose  from  the  injector  steam  throt- 
tle ;  if  this  does  not  suffice  it  will  be  necessary  to  take  the 
hose  down  at  the  first  opportunity.  If  air  sucks  into  feed 
pipe  at  any  point  injector  will  break,  so  look  out  for  this 
trouble  also. 

Q.  16.     What  will  cause  an  injector  to  fail  to  prime? 
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Q.  23.     What  effect  has  bad  water  on  injectors? 

A.  It  corrodes  or  limes  them  up  and  they  soon  get  in 
a  condition  where  they  will  not  work,  and  a  bath  in  mu- 
riatic acid  will  be  necessary  to  restore  them  to  a  good 
working  condition. 

Q.  24.  Which  injector  will  corrode  the  more  quickly, 
a  lifting  or  a  non-lifting  injector? 

A.  The  lifting  injector,  on  account  of  steam  being 
continually  in  the  body  of  the  injector.  In  some  localities 
where  the  water  is  quite  bad  and  injectors  corrode 
quickly,  only  the  non-lifting  injectors  are  used  to  avoid 
changing  and  cleaning  injectors  so  often. 

Q.  25.  Must  air  enter  tank  above  water  as  fast  as 
the  water  is  taken  out  by  the  injector? 

A.     Yes.    In  all  cases. 

Q.  26.  What  depends  on  the  good  condition  of  the 
injectors? 

A.  The  safety  of  the  boiler  and  the  proper  handling  of 
the  train. 

Q.  27.  How  should  a  boiler  be  pumped  on  a  through 
train  where  stops  are  infrequent? 

A.  The  injector  must  be  worked  hard  enough  to  main- 
tain the  water  level  in  the  boiler. 

Q.  28.  How  should  a  boiler  on  a  local  train  be 
pumped  ? 

A.  So  that  the  water  level  will  fall  some  between 
stations.  The  supply  can  be  replenished  while  doing  sta- 
tion work  and  the  pops  thereby  kept  from  blowing  off 
steam,  and  a  brighter  fire  be  kept  burning  on  the  grates. 

Q.  29.  Is  it  desirable  or  not  to  have  a  good  supply  of 
water  in  the  boiler  when  pulling  out  of  town  with  a  train? 

A.  Yes.  The  injector  need  not  be  put  to  work  where 
there  is  plenty  of  water  in  the  boiler  until  fire  is  in  good 
shape  and  steam  pressure  at  maximum. 
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A.    The  automatic  bell  ringer. 

Q.  34.    What  force  operates  it? 

A.  Compressed  air.  Steam  bell  ringers  were  formerly 
used,  but  compressed  air  has  taken  the  place  of  steam  for 
bell  ringers. 

Q.  35.     Describe  the  air  bell  ringer. 

A,  It  consists  of  a  crank  attached  to  the  bell  yoke; 
from  this  crank  a  small  rod  passes  down  inside  of  a  pipe 
or  hollow  shaft  which  is  connected  with  the  piston  rod. 
The  air  cylinder  is  attached  to  the  bottom  of  the  bell 
stand  and  contains  the  valve  that  controls  the  admission, 
cut-off  and  exhaust  of  the  air,  and  the  piston  and  piston 
rod. 

Q.  36:  How  is  the  exhaust  of  the  air  from  the  cylinder 
provided  for? 

A.  An  exhaust  port  is  drilled  through  the  head  to  the 
atmosphere. 

Q.  37.  Where  is  the  compressed  air  taken  from  that 
operates  the  bell  ringer? 

A.     From  the  main  reservoir. 

Q.  38.    How  is  the  air  admitted  to  the  bell  ringer? 

A.  By  a  globe  valve  located  in  the  cab,  and  is  con- 
veyed to  air  cylinder  by  a  small  pipe  connected  to  main 
reservoir  pipe  below  engineer's  brake  valve. 

Q.  39.     How  does  valve  in  air  cylinder  work? 

A.  It  works  over  air  inlet  port  and  exhaust  port.  The 
admitted  air  strikes  the  valve  in  the  cylinder  and  forces 
the  piston  up  until  the  exhaust  port  is  opened  and  the 
admission  is  closed  by  the  movement  of  the  valve,  when 
the  air  escapes  and  the  weight  of  the  bell  pushes  the 
piston  down  and  the  valve  to  its  former  position,  when, 
the  admission  port  being  opened,  the  piston  is  again  forced 
up  by  the  action  of  the  compressed  air. 
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its  favor  are :  Simplicity  in  con-  ■ 
n ;  uniform  temperature  at  which  i 
[>solute  regularity  of  the  feed ;  visi-  I 

two  sides,  and  saving  in  oil.  An  I 
«n  placed  at  the  top  of  the  lubri-  i 
iply  of  steam  from  the  btriler,  mak-  \ 
tained.  \ 

ubrlcator  in  operation,  the  oil  hav-    ; 
f  fed  out.    A  is  the  oil  reservoir,  B    i 
e  steam  connection,  D  the  water 
gulating  valves  to  right  and  left-    ■ 
ondenser,  G  the  drain  valve,  H  the    ] 
drain  valve  body,  //  the  auxiliary 
■  plug,  L  the  feed  regulating  valve 
r  plug,  E  the  coupling  to  air  pump, 
■ain  stems,  IVW  the  couplings  to 
inders,  and  X  the  hand  oiler  filler 
zzles,  ^  the  air  brake  check,  j  the 
iss  reflector,  5  the  sight-feed  glass, 
J  ring,  7  the  rubber  packing,  8  the 
:,  and  p  the  steam  chest  valve  cap. 
and  directions  for  operating  this 

the  manufacturers: 
"  should  be  taken  from  turret   if 
dome  through  an  independent  dry 
lipe  size  or  its  equivalent.    When 
pplied,  blow  out  thoroughly,  then 

Her  plug  O  and  fill  the  reservoir 

t  sufficient  oil  to  do  so,  always  use. 
squired  quantity.  This  will  enable 
itly. 
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danger  of  leakage  at  this  point,  as  the  glass  and  packing 
are  so  designed  that  the  greater  the  pressure  from  the 
inside  the  better  the  joint. 

Automatic  Steam  Chest  Plugs  and  Valves. — The  func- 
tion of  these  automatic  steam  chest  plugs  and  valves  is 
two- fold :  First,  that  by  their  use  and  location  the  lubri- 
cators feed  against  a  constant  boiler  pressure  and  not 
against  a  fluctuating  pressure,  as  was  the  practice  in  the 
earlier  type  of  lubricators.  Second,  the  valves  or  chokes 
restrict  the  flow  of  steam  to  the  steam  chest  to  that  vol- 
ume that  will  balance  the  feeds  to  a  uniform  rate,  regard- 
less of  the  position  of  throttle  or  lever. 

These  valves  are  so  designed  and  constructed  that  they 
are  reversible  and  have  about  3-16-inch  lift,  this  move- 
ment between  the  two  seats  enabling  the  valve  to  be  self- 
draining,  a  very  important  feature,  as  it  prevents  scale  or 
any  foreign  substance  from  accumulating  or  restricting 
the  flow  of  oil  and  steam  to  the  steam  chest  or  cylinders. 
The  openings  in  these  valves  are  5-64-inch. 

Tihe  constant  flow  of  steam  through  the  lower  openings 
in  these  valves  will  enlarge  these  openings  in  time  to  such 
an  extent  that  the  lubricator  will  feed  faster  while  the 
locomotive  is  drifting  or  at  rest ;  in  fact,  that  condition  is 
the  exact  cause  for  the  engineer  to  complain  that  the  loco- 
motive feeds  race.  All  that  is  necessary  to  rectify  this 
condition  is  to  reverse  ends  of  valves.  When  both  ends 
have  become  worn  out,  the  valves  must  be  replaced  by 
standard  ones  of  the  proper  opening. 

A  reasonable  degree  oi  attention  regarding  these  valves 
in  the  automatic  steam  chest  plugs  will  result  in  a  very 
satisfactory  working  lubricator  and  a  decided  increase  in 
valve  oil  mileage,  two  factors  that  are  highly  desirable. 

The  manufacturers  give  some  good  advice  under  the 
head : 
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That  the  quantity  of  oil  per  mile  increases  as  the  speed 
of  a  train  decreases  and  it  correspondingly  decreases  as 
the  speed  of  the  train  increases.  • 

That  as  the  engine  is  running  very  slowly  on  the  hill 
the  lubricator  is  increasing  the  quantity  of  oil  per  mile  in 
proportion  to  the  speed. 

That  salt  water  is  more  buoyant  than  fresh  water,  and 
for  that  reason  it  will  force  the  drop  of  oil  off  the  feed 
cone  sooner.  There  would  be  more  drops  of  oil  in  a 
minute  than  when  the  water  in  the  sight-feed  chamber 
was  fresh,  but  the  quantity  of  oil  would  not  be  any  less. 

That  the  water  in  the  sight-feed  chamber  becomes  salty 
and  it  is  carried  over  from  the  boiler  by  the  mechanical 
action  of  the  stream. 

That  there  is  a  constant  evaporation  taking  place  in  the 
condenser  of  any  kind  of  locomotive  lubricator.  The 
same  is  true  in  the  outlet  of  the  sightrfeed  chamber. 

That  there  are  two  principles  involved  in  a  locomotive 
lubricator.  First:  Hydrostatic.  The  hydrostatic  pres- 
sure ends  on  the  point  of  the  feed  cone.  From  that  point 
to  the  surface  of  the  water  in  the  sight-feed  chamber  the 
oil  travels  at  the  rate  of  thirty  feet  per  minute.  Second : 
The  oil  coming  in  contact  with  the  steam  is  carried  to  the 
steam  chest  by  the  laws  of  gravity,  heat  and  motion. 

That  the  chokes  of  the  steam  chest  give  better  results. 
That  the  boiler  pressure  reaches  down  to  the  steam  chest, 
chokes  and  prevents  back  pressure  from  backing  up  into 
the  oil  pipe,  also  the  lubricator  is  feeding  against  a  con- 
stant boiler  pressure  and  not  against  a  fluctuating  oil  pipe 
pressure  as  when  the  chokes  were  located  at  the  lu- 
bricator. 

That  the  oil  should  be  strained.  We  do  not  guarantee 
our  lubricators  to  feed  sawdust,  coal,  waste  or  any  such 
substances. 
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and  remove  the  filler  plug  O.  We  now  have  a  clean  lu- 
bricator, but  one  as  hot  as  the  corresponding  steam  tem- 
perature could  make  it,  and  in  order  to  reach  this  con- 
dition, which  is-  the  subject  of  Plate  VI,  we  will  con- 
sider that  the  locomotive  is  at  rest,  that  the  cylinder  cocks 
or  atmosphere  valves  are  open,  and  that  the  air  pump  is 
closed  down,  so  that  any  water  which  might  find  its  way 
into  the  condenser  F  would  be  evaporated  by  the  high 
temperature  of  the  metal. 

Plate  No.  VI  shows  sectional  view  of  the  Lubricator, 
with  all  chambers  and  passages  blown  out  and,  as  shown 
by  the  views  they  now  contain  atmospheric  pressure. 
In  Plate  V  the  lubricator  is  shown  with  the  oil  all  fed 
out^  and  all  parts  and  passages  of  the  lubricator  body 
and  condenser  which  formerly  contained  oil  were  then 
occupied  by  water.  The  operation  of  preparing  the  lubri- 
cator for  blowing  out — preliminary  to  refilling  it  with 
oil — ^has  been  explained,  and  we  now  have  a  clean  lubri- 
cator. 

By  referring  to  Plate  VI,  it  will  be  seen  that  the  feed 
regulating  stems  E  L  E,  water  valve  D,  drain  stem  G  and 
steam  valve  B  are  all  closed,  and  every  portion  and  pas- 
sageway of  the  lubricator,  as  well  as  the  oil  pipes  to  the 
air  pump  and  steam  chests,  now  contain  atmospheric 
pressure.  The  filler  plug  O  has  been  removed  and  the 
lubricator  is  now  ready  to  be  refilled  with  oil. 

Plate  No.  VII  shows  sectional  views  of  the  lubricator 
filled  with  oil,  but  the  reader  will  carefully  note  that  the 
body  of  the  lubricator  is  not  absolutely  full,  for  the  reason 
that  in  filling  the  lubricator  the  level  of  the  oil  cannot 
rise  above  the  point  g  of  the  filler  hole  without  overflow- 
ing. The  space  above  this  point  is  an  expansion  cham- 
ber, and  is  one  of  the  most  important  features  in  this 
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as  valve  oil  of  that  temperature  could  not  be  put  in  a  lu- 
bricator, some  of  this  expansive  force  is  spent  or  over- 
come by  heating  the  oil  to  say  150  degrees  before  put- 
ting it  into  the  lubricator. 

If  the  reader  wishes  to  carry  out  a  little  experiment  he 
can  do  so  by  going  to  the  oil  room  and  procuring  one  pint 
U.  S.  measure,  get  the  exact  weight  of  it,  then  fill  the 
measure  with  oil  at  about  70  degrees.  He  will  find  that 
the  oil  will  weigh  approximately  15  ounces.  Now  sup- 
pose that  this  pint  of  oil  is  placed  on  a  stove  and  heated 
to  a  temperature  of  150  degrees.  He  will  find  that  in 
reaching  this  temperature  the  oil  will  have  expanded  and 
overflowed,  yet  the  measure  is  absolutely  full.  Should 
he  carefully  wipe  off  the  outside  of  the  measure  and  re- 
weigh  the  oil,  it  will  be  found  to  weigh  but  about  14 
ounces,  a  loss  of  one  ounce.  The  same  thing  is  true  in 
filling  a  No.  21  lubricator  with  cold  oil.  Its  capacity  is 
42  ounces,  but  if  hot  oil  be  used  (150  degrees  tempera- 
ture) 39  ounces,  nearly  will  fill  it,  a  difference  in  weight 
of  three  ounces.  It  will  thus  be  seen  that  the  expansion 
of  42  ounces  of  valve  oil  from  32  degrees  to  387.6  de- 
grees temperature  will  not  be  less  than  eight  ounces,  but 
if  the  oil  is  heated  to  about  150  degrees  temperature  be- 
fore filling  the  lubricator  its  expansion  will  not  exceed 
five  ounces. 

The  natural  inquiry  is:  "What  becomes  of  the  ex- 
panded oil  if  the  lubricator  has  no  expansion  chamber?" 
The  answer  is  simply  this:  When  the  water  valve  is 
open  the  expanding  oil  finds  a  natural  relief  through  the 
water  passage  into  the  condenser,  where  it  rises  and  floats 
on  the  water  and  is  drawn  down  into  the  equalizing  tubes 
by  the  current  of  the  steam  and  carried  to  the  air  pump 
and  cylinders. 
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rience,  and  solid  drops  of  oil  will  be  fed  until  the  lubri- 
cator runs  empty. 

Plate  No.  IX  shows  sectional  views  of  the  Lubrica- 
tor in  which  the  oil  reservoir  A  has  been  drained. 

In  Plate  VIII  the  lubricator  is  shown  with  the  oil  ex- 
pjinded  and  condensation  having  fully  taken  place,  with 
a  trace  of  atmospheric  pressure  in  the  expansion  cham- 
ber, oil  tube  J,  old  feed  chamber  d  and  feed  nozzles  J, 
but  as  already  explained,  this  atmospheric  pressure  would 
quickly  disappear  upon  opening  the  feeds  E  L  E  and  be 
followed  by  solid  drops  of  oil. 

In  order  that  -we  may  study  another  condition  we  will 
assume  that  the  lubricator  has  again  run  empty,  that  is, 
that  all  the  oil  which  was  contained  in  the  6il  reservoir 
A  has  fed  out.  The  water  valve  D  and  the  feed  regulat- 
ing stems  E  L  E  are  closed,  but  steam  valve  B  re- 
mains open  and  full  boiler  pressure  is  on  the  surface  of 
the  water  in  condensing  chamber  F  as  well  as  on  that 
contained  in  the  sight  feed  chambers.  (The  writer  here 
wishes  to  emphasize  the  fact  that  if  the  water  valve  D 
has  an  absolutely  perfect  seat  the  lubricator  can  be  filled, 
regardless  of  whether  the  locomotive  is  working  or  at 
rest,  or  that  full  boiler  pressure  is  on  the  condensing 
chamber  F.) 

Assuming  that  five  minutes  has  been  allowed  for  the 
lubricator  to  cool  down,  or  that  it  is  to  be  filled  by  the 
outgoing  crew,  this  condition  would  be  represented  as 
shown  in  Plate  V,  from  which  the  reader  will  see  that 
condensation  occupies  every  portion  of  the  oil  reservoir 
A,  oil  tube  j,  oil  feed  chamber  d  and  the  oil  ways  above 
the  sight  feed  chambers,  but  he  will  also  note  that  there 
is  full  boiler  pressure  on  the  surface  of  the  water  in  con- 
densing chamber  F  and  in  the  sight  feed  chambers.    In 
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voir  now  fills  the  space  formerly  occupied  by  the  water, 
while  the  upper  half  of  the  oil  reservoir  contains  atmos- 
pheric pressure.  Note^also  that  atmospheric  pressure 
now  fills  the  space  above  the  water  in  condensing  cham- 
ber F  and  the  passage  leading  to  the  oil  tube  R. 

By  comparing  Plates  VII/  IX  and  X  together,  it  will 
be  seen  that  in  plate  VII  the  oil  tube  5  and  oil  feed 
chamber  d  contained  atmospheric  pressure,  in  Plate  IX 
they  contained  water,  but  in  Plate  X  they  contain  solid 
oil. 

The  lubricator  as  shown  in  Plate  X  is  now  in  con- 
dition that  the  filler  plug  O  may  be  removed  and  the 
reservoir  refilled  with  oil,  after  which  the  pressure  may 
be  turned  on  and  the  feeds  started. 

Plate  No.  XI  shows  sectional  views  of  the  Lubricator 
with  the  oil  feeding. 

As  will  be  noted,  the  lubricator  has  been  refilled,  full 
pressure  has  been  turned  on  by  means  of  the  steam  valve 
B,  water  valve  D  has  been  opened,  as  well  as  the  oil  feed's 
E  L  E,  and  the  lubricator  is  now  feeding  solid  oil.  How- 
ever, it  is  desired  to  again  call  the  attention  of  the  reader 
to  the  fact  that  atmospheric  pressure  occupies  tiife  high- 
est point  in  the  expansion  chamber — just  as  it  would  in 
any  other  design  of  lubricator.  As  a  matter  of  fact,  at- 
mospheric pressure  is  confined  in  all  lubricators  each 
time  they  are  filled;  it  is  simply  impossible  to  avoid  it. 
Now,  let  us  see  what  the  result  will  be. 

We.  have  noted  that  the  instant  the  feeds  E  L  R  were 
open  the  drops  of  oil  were  solid — ^the  hydrostatic  pres- 
sure exciting  a  pressure  equal  to  its  weight  on  the  lower 
side  of  the  oil,  and,  the  feeds  being  open,  causes  a  down- 
ward current  in  the  oil  tube  j,  which  permits  the  con- 
fined atmosphere  to  escape  in  the  direction  of  the  feeds 
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— ^possibly  in  five,  ten  or  fifteen  minutes,  all  depending 
on  the  rate  of  the  feed.  The  engineman  may  be  sur- 
prised to  see  that  one  or  all  of  the  feeds  have  apparently 
quit  feeding.  There  is  not  a  thing  wrong  with  the  lubri- 
cator, except  that  the  confined  atmosphere  is  escaping 
through  the  feeds,  and  as  soon  as  that  has  been  accom- 
plished the  oil  will  flow  as  it  did  in  Plate  IV.  The  reader 
should  keep  in  mirid  this  one  fact,  that  oil  and  water, 
air  and  oil,  or  steam  and  oil  have  no  affinity  for  each 
other ;  that  is,  they  will  not  remain  mixed  long,  but  will 
separate  at  the  earliest  possible  opportunity. 

The  accompanying  illustrations,  Figures  66  and  67, 
refer  to  the  Franklin  No.  4  Lubricator.  It  is  claimed 
there  are  several  hundred  thousands  of  these  lubricators 
for  driving  boxes  now  in  use  in  this  country  and  Canada. 
Therefore  the  illustrations,  which  are  almost  self-ex- 
planatory, may  be  found  of  interest. 

When  putting  up  this  lubricator  all  the  grooves  in  the 
brass  should  be  filled  with  grease  before  applying  the 
box  to  the  journal.  Perforated  plates  must  then  be  fitted 
to  hug  the  journal  over  its  entire  area  and  still  be  per- 
fectly free  in  cellar.  Cake  of  grease  should  be  made  to 
fit  the  cellar  and  perforated  plate,  care  being  taken  that 
it  be  perfectly  free  in  cellar.  The  following  plate  and 
spring  will  then  hold  the  grease  in  contact  with  the  per- 
forated plate  and  journal.  The  indicator  K  on  sheet  No. 
2523  will  then  show  the  amount  of  grease  in  cellar,  and 
when  the  top  of  the  eye  at  point  K  is  even  with  the  bot- 
tom of  the  cellar,  there  is  still  three-fourths  of  an  inch  of 
grease  which  will  last  for  several  days ;  the  lubricator  at 
that  time  should  be  reported  for  packing. 

All  oil  holes  on  top  of  boxes  must  be  plugged.  The 
only  oil  which  is  necessary  is  on  the  hub  .  shoes  and 
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wedges.  On  blue  print  we  show  a  hub  oiler  which  can 
be  fastened  to  either  the  spring  saddle  or  the  equalizer 
or  an  oiler  cast  in  new  boxes  or  drilled  and  chipped  in 
old  boxes  as  shown.  These  to  be  packed  with  wastes. 
This  same  method  of  oiling  can  be  used  on  the  shoes 
and  wedges  as  shown  on  our  print  4077.  The  tempera- 
ture of  the  journal  and  box  will  be  much  higher  than 
with  oil,  but  there  need  be  no  alarm,  however,  if  tem- 
perature should  occasionally  reach  a  point  not  to  permit 
of  holding  the  l^nd  on  end  of  axle.  No  injury  what- 
ever will  occur  to  journal  or  box  if  indicators  show  a 
supply  of  compound  in  the  lubricator.  Under  no  cir- 
cumstance should  water  be  turned  on  driving  box,  al- 
though it  may  have  reached  what  may  be  regarded  as  a 
high  temperature.  Water  will  develop  serious  difficulty 
by  affecting  the  compound,  causing  it  to  quickly  liquefy 
and  run  out  of  lubricator,  leaving  it  empty  or  dry.  In 
case  of  a  driving  box  being  considered  very  hot,  the 
compound  will  take  entire  care  of  it  until  the  end  of 
the  run  much  better  than  if  it  were. possible  to  put  oil 
packing  or  water  around  the  box.  Boxes  found  at  a 
very  high  temperature  should  be  reported  at  end  of  run 
for  examination.  Hub  shoes  and  wedges  should  be  oiled 
in  the  usual  way. 


r 


292  MECHANICAL  EXAMINATIONS 

which  adhered  to  the  valves,  valve  seats  and  walls  of  the 
cylinders,  was  blown  out  of  the  stack  and  wasted,  was 
not  so  generally  known  then  as  now.  As  a  rule,  where 
the  lubricator  was  put  on  a  locomotive  the  oil  cups  were 
left  on  so  that  the  engineer  could  give  the  valves  a  good 
oiling  every  once^n  a  while.  In  addition,  oil  was  fed 
much  faster  through  the  lubricator  feeds  than  necessary. 
Lubricators  would  be  filled  two  and  three  times  over  a 
division,  where  now'  once  filling  it  more  than  suffices. 
Even  then  the  lubricators  were  a  saving  over  the  oil 
cups,  and  gradually  but  certainly  the  latter  disappeared 
as  the  efficiency  of  the  lubricators  became  better  under- 
stood. The  use  of  the  auxiliary  lubricator  oil  cups  for 
a  trip  will  satisfy  any  present-day  engineer  of  how  unsat- 
isfactory was  the  old  oil  cups. 

Q.  5.    What  are  the  essential  parts  of  a  lubricator? 

A.  The  oil  reservoir,  with  its  filling  and  draining 
plugs,  located  respectively  at  top  and  bottom  of  oil  reser- 
voir; the  oil- feed  pipes  and  sight- feed  glasses;  the  indi- 
cator glass  to  the  oil  reservoir;  the  condensing  chamber 
placed  above  the  oil  reservoir  and  supplied  with  steam  by 
a  pipe  connected  to  a  globe  valve,  located  on  top  of  the 
boiler  in  the  cab,  and  a  valve  called  the  water  valve,  used 
to  shut  off  or  furnish  communication  from  the  condens- 
ing chamber  to  the  body  of  the  lubricator  and  feed  valves, 
located  at  bottom  of  sight-feed  glasses.  Then  there  are 
pipes  used  to  convey  the  oil  from  the  top  of  the  sight- 
feed  glasses  to  the  valves,  and  called  oil  or  tallow  pipes 
from  the  fact  that  for  a  long  time  after  the  lubricators 
came  into  use  melted  tallow  was  used  in  them  instead  of 
the  valve  oil,  now  used. 

Q.  6.     On  what  principle  do  lubricators  work? 

A.    That  oil  is  lighter  than  water.    That  is,  that  the 
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fast  through  the  oil  p'pes,  as  it  would  if  direct  boiler 
pressure  forced  it  out  through  a  large  opening? 

A.  Choke  plugs,  or  plugs  with  very  small  tapering" 
lioles  in  them,  through  which  the  oil  must  pass  before  en- 
tering the  oil  pipes. 

Q.  II.  What  might  cause  one  side  of  a  lubricator  to 
feed  faster  than  the  other  with  the  same  feed-valve  open- 
ing? 

A.  Less  pressure  in  the  chamber  above  sight  glass  on 
one  side  than  on  the  other.  This  on  account  of  equaliz- 
ing tube  being  partly  stopped  up,  or  choke  plug  being 
badly  worn  so  that  steam  from  equalizing  tube  cannot 
maintain  an  equal  pressure  on  the  water  in  the  glass  and 
chamber  above  it. 

Q.  12.  Can  oil  get  out  of  a  lubricator  in  any  other 
manner  than  through  the  feed  valves? 

A.  Yes.  A  hole  in  the  partition  between  the  oil  reser- 
voir and  condensing  chamber,  or  a  hole  leading  to  a 
water  passage  above  or  below  water  valve  would  allow 
the  oil  to  rise  to  the  top  of  the  condensing  chamber  and 
then  flow  through  the  equalizing  tubes  and  escape 
through  the  oil  pipes  to  the  steam  chests. 

Q.  13.  What  causes  a  lubricator,  from  which  only  a 
portion  of  the  oil  has  been  used,  to  feed  water  ? 

A.  A  hole  in  the  oil  pipe  leading  to  the  chamber  under 
the  feed  nipple,  or  a  loose  pipe  which  allows  the  water  to 
enter  it  after  the  water  has  fed  out  to  above  the  open- 
ing. 

Q.  14.  What  often  causes  the  feed  on  one  side  to 
stop  working? 

A.    The  choke  plug  becoming  stopped  up. 

Q.  15.     How  can  it  be  opened? 

A.    Close  steam  valve  to  lubricator  steam  pipe  and 
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sionally  so  that  the  oil  held  in  the  pipes  may  pass  to 
the  valves  and  cylinders. 

Q.  20.  Does  oil  pass  to  the  steam  chests  in  the  same 
condition  that  it  appears  to  be  in  when  passing  through 
sight- feed  glasses? 

A.  No ! '  When  it  gets  to  opening  in  choke  plugs  it 
is  atomized  by  mixture  with  water  under  pressure,  and 
in  that  condition  it  goes  to  the  valves,  so  that  they  are 
fed  both  oil  and  water  by  the  lubricator. 

Q.  21.  What  is  done  in  case  a  sight-feed  or  indica- 
tor glass  breaks? 

A.  Close  all  valves.  Remove  plug  at  top  of  glass  and 
the  packing  nuts.  Put  new  gaskets  in  packing  nuts 
in  place  of  old  ones  and  start  nuts  on  packing  boxes.  Put 
glass  in  from  top  where  plug  was  removed  and  force  it 
down  on  its  seat  with  a  round  stick.  Tighten  packing 
nuts  and  replace  plugs,  open  all  valves  and  lubricator  is 
ready  to  feed.  Some  lubricators  are  provided  with  check 
valves  that  shut  off  lubricator  automatically  when  a  glass 
breaks. 

Q.  22,  Is  it  possible  to  tell  when  valves  and  cylin- 
ders are  not  receiving  enough  oil  ? 

A.  Yes;  dry  valves  wiil  cause  valve  stems  to  buckle 
and  reach  rod  to  rattle,  and  lever  will  handle  hard. 
Cylinders  run  short  of  oil  will  groan  dismally,  and  if  let 
go  too  long  will  cut,  as  will  a  valve. 

Q.  23.  Is  it  possible  to  tell  when  too  much  oil  is  being 
used  ? 

A.  Only  by  experimenting  to  find  out  the  least  amount 
that  will  lubricate  the  valves  and  cylinders  properly* 

Q.  24.    What  first  led  to  the  agitation  for  oil  economy  ? 

A.    The  waste  of  oil  by  its  too  free  use. 

Q.  25.  Have  the  restrictions  as  to  the  use  of  oil  as  a 
•whole  been  benefiotal  from  an  economical  standpoint  ? 
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• 

crease  of  friction  between  the  valves  and  valve  seats. 
Start  a  light  engine  with  dry  valves  at  a  good  speed, 
and  shut  off  steam  and  note  how  quickly  the  engine  will 
stop.  Oil  the  valves  well,  repeat  the  experiment  and 
note  how  much  farther  the  engine  will  run  before  stop- 
ping. 

Q.  31.  Does  the  piston  valve  require  less  oil  than  the 
slide  valve? 

A.  Yes;  but  it  will  not  give  wanting  that  it  needs 
more  oil  like  the  slide  valve  will  when  dry.  The  reach 
rod  will  not  rattle  or  the  reverse  lever  handle  hard,  and 
for  that  reason  it  may  run  dry  and  receive  excessive  wear 
unnoticed. 

Q,  32.  Can  any  set  number  of  drops  of  oil  per  min- 
ute be  decided  on  as  the  amount  a  lubricator  should  feed  ? 

A.  No;  the  amount  of  work  the  locomotive  is  doing 
must  determine  the  amount  of  oil  that  it  receives.  The 
tendency  is  to  rate  the  amount  of  oil  allowed  engines  too 
low,  particularly  on  local  freight  and  switch  engines. 
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A.  Because  with  heat  comes  expansion,  causing  the 
bearing  parts  to  work  tighter,  thus  increasing  the  fric- 
tion and  heat.  The  wear  is  also  greater  on  account  of  the 
heat,  as  heat  softens  a  metal. 

Q.  40.  In  the  selection  of  a  lubricant  for  a  bearing 
what  must  be  considered? 

A.  The  amount  of  frictional  or  other  heat  to  which 
the  part  is  subjected.  For  this  reason,  engine  or  car  oil, 
which  will  stand  about  300  degrees  of  heat  before  ignit- 
ing, is  used  for  car  boxes,  tank  and  engine  truck  boxes, 
driving  cellars,  eccentrics,  links  and  similar  bearings, 
while  valve  oil,  that  will  bum  at  about  500  degrees  heat, 
is  used  for  valves,  cylinders  and  air  pumps.  When  a 
box  becomes  hot  where  grease  is  not  used,  the  use  of 
car  or  engine  oil  should  be  discontinued  and  valve  oil 
used.  If  possible.  Cool  the  box  down  before  applying  oil 
at  all.  To  pour  engine  oil  on  a  hot  box  without  cooling 
it  down  to  a  normal  temperature  is  only  adding  fuel  to 
the  flames. 

Q.  41.  When  a  box  or  bearing  heats,  what  is  the 
first  thing  to  note? 

A.  See  if  it  has  been  getting  the  oil  intended  for  it, 
and  if  any  unusual  condition  has  caused  it  to  heat.  As 
a  rule  these  troubles  occur  at  a  time  when  minutes  are 
of  value  and  there  is  no  time  to  waste  on  them.  If  oil 
has  not  been  reaching  the  bearing  in  sufficient  quantity, 
the  fault  should  be  remedied  and  a  more  liberal  supply 
given  until  conditions  are  normal. 

Q.  42.  If  an  engine  truck  journal,  tank  truck  jour- 
nal or  driving  journal  became  too  hot,  what  should  be 
done  to  remedy  it? 

A.  If  engine  is  equipped  with  water  pipes  for  the  pur- 
pose, turn  the  water  on,  being  sure  to  have  the  box  re- 
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not  put  into  the  box  so  tight  as  to  force  out  the  oil  and 
make  the  packing  hard  and  dry.  It  should  fill  the  box 
loosely,  care  being  taken  that  it  comes  up  well  to  the 
journal.  Care  of  these  things  before  going  out  will  save 
much  annoyance  and  delay  on  the  road.  It  is  not  always 
the  great  amount  of  oil  used,  but  the  fact  that  what  is 
used  is  applied  at  the  proper  time  and  in  the  proper  place 
and  manner  that  counts. 

Q.  44.     To  insure  the  oil  reaching  the  bearings  in  very 
cold  weather,  what  must  be  done? 

A.  Oil  holes  should  be  opened  frequently,  and  the 
average  engine  oil  must  be  thinned  with  kerosene,  else 
it  will  not  lubricate  until  a  bearing  heats  and  warms  it, 
causing  it  to  feed.  The  oil  in  a  hand  oiler  that  has  re- 
cently been  taken  from  the  boiler  head  will  become  too 
thick  to  use  in  very  cold  weather  before  the  engineer  gets 
around  his  engine  if  the  oil  is  not  thinned  with  kero- 
sene. In  the  summer,  the  hand  oiler  should  be  carried 
some  other  place  besides  the  boiler  head,  as  it  then  be- 
comes too  hot  and  runs  off  the  bearing  with  but  little 
benefit  as  a  lubricant. 

Q.  45.  What  lubricant  besides  oil  is  used  on  crank 
pins  and  journal  bearings? 

A.     Grease,  or,  as  it  is  sometimes  termed,  hard  oil. 

Q.  46.     How  is  it  applied  to  crank  pins  ? 

A.  A  large,  hollow  cup  is  attached  to  the  top  side 
of  the  rod  strap.  A  small  hole  leads  from  the  bottom  of 
the  cuo  down  through  the  strap  to  the  pin.  The  inner 
side  of  this  cup  is  threaded  to  fit  a  plug  that  is  screwed 
down  on  the  grease  within  the  cup,  forcing  it  down  on 
the  pin  until  the  supply  within  the  cup  is  exhausted.  A 
turn,  or  a  little  more  than  a  turn,  is  usually  sufficient  to 
run  a  pin  an  ordinary  trip  under  normal  conditions. 
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owing  to  its  remaining  on  the  pins  even  at  a  high  tem- 
perature, lubricates  them  and  reduces  the  amount  of  fail- 
ures from  hot  pins. 

Q.  52.     How  is  grease  applied  to  driving  journals  ? 

A.  A  plate  is  used  in  the  driving  cellar,  called  a  fol- 
lower plate.  Between  this  plate  and  the  bottom  of  the 
cellar  a  spring  is  located  that  crowds  the  follower  plate 
upwards.  The  grease  is  placed  on  top  of  the  follower 
plate  in  strips  the  length  of  the  journal  bearing,  and  as 
the  grease  is  worn  away  by  the  revolving  journal  the 
spring  pushes  it  up  until  the  supply  is  exhausted. 

The  strips  of  grease  do  not  come  in  direct  contact  with 
the  journal,  but  the  grease  is  forced  through  a  perforated 
plate  at  the  top  of  the  cellar  to  the  journal. 

Q.  53.  How  is  it  known  when  the  supply  of  grease 
in  a  cellar  has  been  exhausted  ? 

A.  By  two  indicators  fastened  to  the  follower  plates 
and  extending  down  through  the  bottom  of  the  cellar.. 
They  are  located  one  near  each  end  of  the  cellar.  When 
the  rings  at  the  lower  end  of  the  indicators  are  up  to  the 
bottom  of  the  cellar  it  is  time  to  repack  it. 

Q.  54.  Should  an  engineer  note  the  condition  of  grease 
cellars  before  going  out  on  a  trip  ? 

A.  Yes.  While  it  ought  not  to  be  necessary  for  him 
to  do  so,  yet  it  may  save  him  a  great  deal  of  bother  later 
on.  A  cellar  runs  a  good  many  thousand  miles  with  one 
filling,  so  the  indicators  do  not  need  to  show  much  in 
the  cellar  in  order  for  it  to  contain  enough  to  make  one 
trip. 

Q-  55-  Can  a  driving  cellar  be  packed  with  grease  on 
the  road? 

A.     It  can.  Remove  plate  on  front  of  cellar.    Pull  in- 
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wear  and  a  consequent  earlier  renewal  of  bearings,  as 
well  as  a  slightly  increased  fuel  consumptbn. 

Q.  6i.    What  offsets  this? 

A.  Less  engine  failures  and  more  satisfactory  re- 
suits  to  everybody  concerned.  It  is  doubtful  if  its  use 
will  be  extended  beyond  crank  pins  and  driving  journals, 
as  on  them  alone  has  it  shown  the  best  results. 
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**The  reason  why  a  shifting  link  changes  the  lead  and 
a  fixed  link  does  not  is  owing  to  the  angularity  of  the  ec- 
centric-rods changing  by  shifting  the  link,  as  any  one  can 
determine  for  himself  by  shifting  the  link  to  cut  off  at, 
say,  6  inches,  and  then,  the  engine  being  in  the  forward 
motion,  disconnect  the  go-ahead  eccentric-rod  and  lower 
it  with  the  eccentric  in  different  positions ;  he  will  notice 
that  as  the  lever  is  hooked  back  he  must  move  the  rocker- 
arm  more  or  less  in  order  to  again  make  the  connection. 
Moving  the  rocker-arm  necessarily  moves  the  valve ; 
moving  the  valve  alters  the  lead.  With  a  fixed  link  the 
angularity  of  the  rods  is  the  same  always,  as  the  link  is 
not  raised  or  lowered.  The  reader  can  make  a  pencil 
sketch  to  illustrate  this. 

"Should  the  valves  not  come  square,  the  fault  may  lie 
in  the  point  of  suspension  of  the  link;  or  the  reverse 
shaft  may  be  too  close  to,  or  too  distant  from  the  rocker- 
shaft;  or  the  reverse-shaft  lifters  may  not  be  of  equal 
length,  or  one  may  be  higher  or  lower  than  the  other,  or 
both  too  high  or  too  low;  or  the  reach-rod  may  be  too 
long  or  too  short ;  or  the  link  may  not  be  an  arc  true  to 
its  proper  radius." 

''Throw  of  Eccentric. — ^The  throw  of  the  eccentric  of 
a  stationary  engine  is  equal  to  twice  the  lap  on  the  valve, 
added  to  twice  the  width  of  steam-port ;  but  with  a  loco- 
motive this  will  not  be  sufficient,  owing  to  cutting  off 
with  the  link.  To  illustrate,  we  will  take  a  valve-seat 
ioy2  inches  long,  steam-ports  i%  inches  long,  exhaust- 
port  2j4  inches  long,  bridges  i  inch  long;  valve  8>4 
inches  long,  valve  cavity  4}^  inches  long;  throw  of  ec- 
centric 5  inches;  end  travel  of  valve  5  inches;  lap  on 
valve  %  inch;  lead  nothing. 

Note,     In  giving  valve-seat  dimensions  the  length  of 
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the  chord  of  the  arc  in  most  links.  The  purpose  of  this 
is  to  counteract  the  slip  of  the  link.  In  a  standard  pas- 
senger engine  link  the  writer  observed  it  to  be  placed 
29-32  of  an  inch  back  of  the  arc  of  the  link  and  in  a 
standard  freight  link  ^  of  an  inch  back. 

Line  of  Centers. — In  link-motion  much  is  gained  by- 
preserving  as  far  as  possible  a  line  of  centres.  For  this 
reason,  in  the  link  before  mentioned,  the  centre  of  sad- 
dle-pin is  placed  several  inches  above  its  natural  posi- 
tion, or  at  such  point  as  would  bring  the  centre  of  eccen- 
tric-rod pin,  and  the  centre  of  link-block,  and  centre  of 
saddle-pin  as  near  to  each  other  as  possible.  By  raising' 
the  saddle-pin  as  described,  its  centre  and  that  of  the  link- 
block  are  brought  in  line,  and  knuckling  of  the  link  is  in 
a  great  measure  avoided  while  the  reverse-lever  is  in 
the  cut-oif  notch  in  which  it  is  most  generally  carried. 

Length  of  Link. — ^The  length  of  link  is  not  governed 
by  the  space  under  the  boiler  for  raising  it,  but  by  the 
travel  of  valve ;  as  should  the  link  be  made  too  long,  and 
the  sector  notched  accordingly,  in  full  gear  the  valve 
would  travel  off  its  seat,  supposing  the  seat  to  be  prop- 
erly proportioned.  But  should  the  link  be  too  long,  and 
the  sector  notched  for  a  link  of  proper  length,  the  valve 
would  travel  all  right. 

Travel  of  Valve. — ^The  travel  of  a  slide-valve  and  the 
stroke  of  a  slide-valve  mean  one  and  the  same  thing, 
although  if  spoken  of  with  reference  to  the  stroke  of  the 
piston  the  travel  of  the  valve  might  be  said  to  commence 
with  the  piston  just  finishing  its  stroke,  or,  if  no  lead  is 
given  to  the  valve,  just  as  the  piston  has  finished  its 
stroke. 

Suppose  a  valve  of  dimensions  already  given — that  is, 
length  of  valve,  8J/2  inches ;  length  of  cavity  of  valve,  4^/^ 
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the  centre  of  the  axle  or  shaft  bore  of  which  and  its 
wrist-pin  bore  is  2j/^  inches.  Such  crank  would  give  a 
5-inch  stroke;  such  eccentric  gives  just  the  same  stroke 
— that  is,  5  inches.  The  difference  between  the  two  is 
that  the  eccentric  can  be  used  on  a  locomotive  axle  or 
engine  shaft  when  the  crank  cannot,  otherwise  the  crank 
might  very  often  take  the  place  of  an  eccentric  so  far  as 
cheapness  is  concerned. 

The  eccentric  is  "eccentric"  by  the  amount  that  the 
centre  of  the  axle  or  shaft  bore  is  distant  from  the  cen- 
tre of  the  eccentric.  If  these  centres  are  2^^  inches  apart 
the  eccentric  has  a  43^-inch  throw ;  if  23^  inches  or  2 J^ 
inches  apart,  the  eccentric  has  a  5-inch  or  a  5j4-inch 
throw,  and  so  on. 

Cam. — A  cam  and  an  eccentric  should  not  be  con- 
founded together,  as  their  motions  are  not  precisely  the 
same,  and  it  is  as  improper  to  call  a  cam  an  eccentric  as 
to  call  an  eccentric  a  cam. 

Inclined  Cylinders, — Some  locomotives  have  inclined 
cylinders.  When  such  is  the  case,  and  the  valve-seat  in- 
clines also,  or  when  the  valve-seat  and  the  longitudinal 
axis  of  the  cylinder  are  in  the  same  plane,  but  at  an 
angle  with  the  frame,  the  lower  rocker-arm  must  be  set 
back  in  order  to  connect  the  link  to  the  eccentric-rods, 
and  that  the  end  travel-  of  the  valve  may  be  the  same  for 
both  ends  of  the  valve. 

If  the  cylinders  incline,  and  the  valve-seat  be  made 
horizontal  or  parallel  with  the  frame,  the  arm  need  not 
I  be  set  back.  Cylinders  with  the  bore  and  valve-seat  at 
an  angle  are  sometimes  put  on  locomotives.  In  the  case 
given  above,  lengthening  the  eccentric-rods  would  not 
do,  although  it  would  enable  a  connection  to  be  made 
with  the  link. 
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THROW  OF  ECCENTRIC. 

How  to  get  the  throw  of  eccentric,  or  travd  of  valve  : 
Rule. — It  is  found  by  adding  together  the  width  of 
both  steam-ports,  and  the  lap  on  both  ends  of  the  valve ; 
this  product  will  give  the  exact  opening  of  steam-port, 
about  ^  inch  more  being  added  to  the  above  product 
so  that  the  edges  of  the  valve  will  travel  about  a  quarter 
of  an  inch  beyond  the  inside  edge  of  steam-port,  on  the 
bridge,  which  is  termed  over-travel  and  gives  more  open- 
ing of  port  when  working  in  back  notches". 

EXAMPLE. 

Width  of  front  port i}i  inch. 

Width  of  back  port i}^  inch. 

Lap  of  front  end i       inch. 

Lap  of  back  end i       inch. 

Over-travel   ^  inch. 


Total  travel  of  valve .SJ4  inches. 


DIRECT  AND  INDIRECT  MOTION. 
(See  Figs.  68  and  69.) 

Fig.  68  is  indirect  motion,  the  rock-shaft  being  used. 
This  link  motion  is  in  general  use  in  the  United  States. 
A,  the  crank-pin,  on  the  back  center.  Bj  the  full  throw 
of  forward  eccentric,  which  follows  the  crank.  C,  the 
full  throw  of  back  motion  eccentric,  which  leads  the 
crank  when  the  engine  is  moving  forward.    D,  the  eccen- 
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trie-rods.  E,  the  link.  F,  link-hanger.  H,  lifting-shaft. 
I,  rocker-shaft.  /,  the  valve-rod.  K,  showing  the  valve 
on  lead-line  on  back  steam-port.  0,  throat  of  valve. 
N,  exhaust  port.    P,  steam-ports. 

Fig.  69  is  direct  motion,  the  valve-rod  taking  hold  of 
link-blocks  by  means  of  a  fork-end  valve-rod.  A,  the 
crank-pin,  on  back  center.  B,  the  full  throw  of  forward 
eccentric,  which  leads  the  crank-pin.  (It  will  be  ob- 
served that  the  full  throw  of  eccentric  is  right  tihe  re- 
verse of  that  shown  on  Fig.  69.  C,  the  full  throw  of 
back  motion  eccentric,  which  is  also  reverse  to  that 
shown  by  Fig.  68 ;  still  the  valve  is  on  the  lead-line  at  the 
same  end  of  cylinder,  the  rocker-shaft  causin-g  this 
change  of  position  of  eccentrics,  as  it  is  plainly  seen, 
when  using  the  rock-shaft;  if  the  full  throw  of  eccen- 
trics be  moved  forward,  to  the  same  position  as  shown 
by  Fig.  69,  then  the  lower  rocker-arm  would  be  forward, 
and  the  upper  arm  of  rocker  would  be  moved  back,  and 
the  lead-line  would  be  given  to  the  front  steam-port, 
instead  of  the  back  port;  not  like  the  direct  motion, 
when  the  full  throw  of  eccentrics  moves  forward  the 
valve  moves  forward  also;  consequently,  when  the 
rocker  is  used,  the  eccentrics  must  be  placed  right  to  the 
reverse  of  direct  motion  to  give  the  opening  of  steam- 
port  to  right  end  of  cylinder.  D,  eccentric-rods.  E,  link. 
F,  hanger.  H,  fork-end  of  valve-rod.  /,  valve-rod.  J, 
lifting-shaft.  K,  knuckle-joint  centers  of  valve-rod.  L, 
lifter.    M,  valve,  showing  lead  on  back  steam-port. 
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a  free  and  rapid  departure,  by  having  a  wide  passage  be- 
fore the  piston  has  reached  the  end  of  itp  stroke. 

Table  No.  2. — In  referring  to  this  table  we  find  what 
may  be  called   a  short  lap  valve,   as  the  lap  is  much 
shorter  than  is  used  in  a  locomotive  with  link  motion,  it 
being  a  %th  lap  valve,  having  %-inch  on  each  end,  the 
length  of  valve-face  being  ^  of  an  inch  longer  than  the 
extreme  distance  between  the  outside  edges  of  steam- 
ports,  the  inside  having  no  lap,  the  throat  or  cavity  of 
valve  being  the  same  width  as  the  distance  between  the 
inner  edges  of  steam-ports;  lead  i-16-inch  in  full  stroke, 
rock  shaft  being  used;  diameter  of  cylinder,  15  inches; 
stroke,  24  inches ;  throw  of  eccentric,  4  inches,  being  the 
same  motion  as  Table  No.  i,  except  the  increase  of  lap. 
In  referring  to  tables,  we  find  a  very  different  motion,  as 
Table  No.  2  shows  that  we  have  gained  the  position  re- 
quired for  the  valve  for  admission  of  steam,  for  all  the 
notches,  nearly  to  half  stroke;  we  also  find  a  decided 
improvement  toward  working  the  steam  expansively,  as 
the  table  shows,  from  the  fourth  to  the  eighth  notch. 
That  twenty-five  per  cent  of  the  distance  that  the  steam 
follows  the  piston  is  worked  expansively,  from  the  fourth 
to  the  eighth  notch.    We  also  find  the  same  difficulty  as 
that  shown  in  Table  No.  i,  by  premature  or  too  early 
lead,  as  we  find,  by  referring  to  Table,  that  lead  com- 
mences lys  inches  from  end  of  stroke,  when  working  in 
the  fourth  notch,  and   ij^  inches  from  end  of  stroke, 
when  cutting  off  at  half-stroke,  or  working  in  the  sixth 
notch ;  and  when  working  in  the  eighth  notch,  or  cutting 
off  at  8  inches,  one-third  of  the  stroke,  we  find  lead  takes 
place  3  inches  from  end  of  stroke,  causing  a  counter- 
pressure  that  would  be  a  difficult  matter  to  overcome, 
without  the  increasing  of  lap,  when  giving  lead  for  the 
full-stroke  notch. 


I 
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Table  No.  3. — Taken  from  the  same  engine  as  that 
of  Table  No.  2,  with  the  lead  increased  to  ^  inch,  in 
full-stroke;  we  therefore  learn  from  Table  No.  3,  in- 
creasing the  lead  lessens  the  period  of  expansion,  and 
hastens  compression,  and  increases  counter  pressure  by 
early  lead.  By  referring  to  this  table,  when  cutting  oflE 
at  half-stroke,  we  learn  by  the  table  lead  has  increased 
over  one  hundred  per  cent  above  that  shown  in  Ta:ble 
No.  2 ;  and,  when  cutting  off  at  one-tfiird  of  the  stroke, 
we  also  find  one  hundred  per  cent  of  increase  of  lead, 
therefore  showing  that  lead  is  not  to  be  allowed,  as  it 
creates  a  terrible  counter-pressure  by  the  premature  or 
too  early  admission  of  steam,  which  rapidly  increases 
with  lead,  as  is  shown  by  the  tables. 

Table  No.  4. — Diameter  of  cylinder,  16  inches ;  stroke, 
24  indies;  throw  of  eccentric,  4>4  inches;  lap  of  valve, 
^  inch  on  each  end,  length  of  valve-face  being  ij4 
inches  longer  than  the  total  distance  between  the  out- 
side edges  of  steam-ports,  inside  having  no  lap;  the 
width  of  throat,  or  cavity  of  valve,  being  the  same  length 
as  the  distance  between  the  inside  edges  of  steam-ports. 
This  table  shows  the  effect  of  5-16  inch  lead,  in  full 
stroke,  with  ^  inch  lap.  In  referring  back  to  Tables 
Nos.  2  and  3,  we  find  that  the  distribution  of  steam,  in 
Table  No.  4,  is  a  little  better  than  Table  No.  3,  and  not 
so  good  as  Table  No.  2,  as  the  period  of  expansion  is 
lessened  six  per  cent  and  compression  hastened  sixteen 
per  cent  earlier  in  the  stroke;  and  premature,  or  early 
lead,  takes  place  twenty-seven  per  cent  earlier  than  is 
shown  in  Table  No.  2.  -  It  is  easily  to  be  seen  that  lead, 
in  all  cases,  creates  a  counter-pressure,  by  premature 
admission  of  steam,  and  lessens  the  period  of  expansion, 
and  hastens  compression ;  it  also  makes  the  period  of 
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per  cent  more  opening,  from  the  first  to  the  sixth  notch, 
than  is  shown  in  Table  No.  9.    The  seventh  and  eighth 
notches  show  the  same  for  both  tables.   *We  also  find  a 
loss  of  power,  by  counter-pressure,  produced  by  the  in- 
creasing of  fifty  per  cent  of  premature  or  too  early  lead; 
consequently,  the  counter-pressure  will  give  greater  re- 
sistance than  will  be  gained  by  the  increasing  of  opening 
of  steam-port.    We  also  find,  by  increasing  the  throw  of 
the  eccentric  to  6^4  inches,  that  we  have  increased  the 
slip  of  link  about  sixty  per  cent  above  that  produced  by 
the  45^  inch  throw  of  eccentric,  as  will  be  seen  by  refer- 
ring to  the  tables.    We  find,  by  increasing  the  throw  of 
eccentric,  it  also  changes  the  location  of  the  centre  of 
stud  on  saddle,  causing  it  to  move  horizontally  toward 
the  axle,  which  causes  the  increase  of  slip  of  link,  the  lo- 
cation of  centre  of  stud  on  saddle,  for  the  4>4  inch  throw 
of  eccentric,  being  3-16  inch  back  of  centre  line  of  link, 
toward  axle,  the  6%  inch  throw^  of  eccentric  being  }i 
inch  back  of  the  centre  line  of  link,  toward  axle,  and  in 
the  middle  of  the  length  of  link.     All  saddles  are  gen- 
erally placed  in  the  centre  of  the  length  of  link. 

Tables  Nos.  ii  and  12. — Showing  the  effect  produced 
on  the  same  engine,  by  moving  the  point  of  suspension 
less  than  54  inch.  Cylinder  16  inches  in  diameter;  stroke 
22  inches;  throw  of  eccentrics  4}^  inches;  lead  y^  inch 
in  full-stroke ;  outside  lap  ^  inch  on  each  end  of  valve, 
face  of  valve  being  i^/^  inches  longer  than  the  extreme 
distance  between  outside  edges  of  steam-ports,  inside 
having  no  lap;  the  cavity  or  throat  of  valve  being  the 
same  width  as  the  distance  between  the  inner  edges  of 
steam-ports,  rock-shaft  being  used.  Referring  to  Table 
No.  II,  the  point  of  suspension,  or  the  locating  the  centre 
of  stud  on  saddle  3-32  of  an  inch  back  of  centre  line  of 
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TABLES   OF   LIN 

link,  toward  axle,  it  will  be  o 
the  back  stroke  admission  of  s 
opening  of  steam-port,  for  frc 
the  opening  of  steam-port,  foi 
observed,  also,  that  exhaust  at 
on  the  front  stroke  sooner  than 
is  the  reverse  of  that  shown 
with  point  of  suspension  or  cei 
%  inch  forward  of  centre  lint 
which  shows  the  greatest  valut 
given  on  the  front  stroke,  ar 
greatest  on  the  back  stroke ;  a 
pression  take  place  earlier  ont 
from  that  shown  in  Table  No 
the  proper  place  for  the  locatio 
saddle  would  be,  for  this  par 
the  centre  line  of  link.  It  will 
tables  show  about  the  same  dis 
stroke;  while  changing  from 
and  mid-gear,  the  change  of  mi 
the  quality  of  the  link  motic«i 
the  centre  of  stud  on  saddle  of 
sion,  as  it  is  termed,  the  poin 
most  important  of  all  the  worl 
equalizing  the  cut-off  or  regu 
steam. 

Table  No.  13. — Showing  t 
the  motion  of  Valve  Table  Ni 
engine;  by  lengthening  the  era 
proper  lengths ;  the  eccentrics 
not  disturbed.  Table  No.  11  1: 
gine,  the  length  of  connecting 
3J^  times  the  length  of  stroke; 
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tween  the  outsid'e  edges  of  steam-ports;  inside  lap  i-i6 
inch  on  each  end  of  valve,  the  cavity  or  throat  of  valve 
being  y^  inch  narrower  than  the  distance  between  the 
inner  edges  of  steam-ports ;  rock-shaft  used.  By  refer- 
ring to  Table  No.  14,  we  learn,  by  increasing  the  hori- 
zontal distance  from  2j4  inches  to  4  inches,  between  the 
centre  of  knuckle-joint  and  centre  line  of  link,  toward 
axle,  that  it  causes  considerable  change  in  the  motion,  as 
Table  No.  14  shows  an  average  increase  of  70  per  cent 
of  slip  of  link  above  that  shown  in  Table  No.  15,  with 
knuckle-joint  centres  2^4  inches  back  of  centre  line  of 
link,  being  i^^  inches  less  distance  than  that  of  Table 
No.  14.  We  also  learn  from  Table  No.  14,  that  we  have 
increased  lead  which  takes  place  54  per  cent  earlier,  on 
an  average,  from  the  fifth  to  the, eighth  notch,  than  is 
shown  in  Table  No.  15,  with  2j/<  inches  distance  betw^een 
knuckle-joint  centres  and  centre  line  of  link,  the  location 
of  centre  of  stud  on  saddle  j4  i^ch  hack  of  centre  line 
of  link,  toward  axle,  and  in  centre  of  length  of  link,  the 
valve  receiving  the  same  travel  as  the  throw  of  eccentric ; 
while  that  of  Valve  Table  No.  14,  with  knuckle-joint 
centre  4  inches  back  of  centre  line  of  link,  the  valve  re- 
ceives  3-16  inch  less  travel  than  the  throw  of  the  eccen- 
tric; also  showing  an  average  of  25  per  cent  less  open- 
ing of  steam-port,  which  is  caused  by  the  centre  of  stud 
on  saddle  being  located  i  inch  back  of  centre  line  of 
link,  toward  axle.  It  will  be  observed  the  greater  the 
distance  the  knuckle-joint  centres  are  from  the  centre 
line  of  link  the  greater  will  be  the  distance  of  the  locat- 
ing of  the  centre  of  stud  on  saddle,  in  the  same  direction 
from  the  centre  line  of  link,  which  will  also  cause  a 
greater  amount  of  slip  of  link  on  the  block,  and  increase 
^f  premature  or  too  early  lead.     We  therefore  learn. 
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from  Valve  Tables  Nos.  14  an<i  15,  by  increasing  the 
horizontal  distance  i^^  inches  more  than  the  general 
rule,  from  the  centre  line  of  link,  back  toward  axle,  we 
meet  with  difficulties,  in  the  shape  of  increase  of  slip  of 
link,  also  premature  lead,  decrease  of  travel  of  valve, 
and  also  less  opening  of  steam-port ;  while  the  admission, 
expansion,  release,  exhaust,  and  compression  show  no 
material  change,  both  tables  showing  the  same. 

Table  No.  16. — Shows  the  effect  of  changing  the  lo- 
cation of  lifting-shaft,  by  removing  it  from  above  the 
centre,  of  axle  and  placing  it  on  the  same  vertical  line 
of  engine,  below  centre  of  axle.  It  will  be  understood 
that  Tables  Nos.  15  and  16  were  taken  from  the  same 
engine,  no  other  alteration  being  made  whatever,  except 
the  changing  of  position  of  lifting-shaft,  which  was  12J/2 
inches  above  centre  line  of  axle,  it  being  changed  to  15J4 
inches  below  centre  line  of  axle,  that  being  the  proper 
location  when  placed  below  the  centre  line  of  axle,  the 
cylinder  being  elevated  7-32  inch  to  the  foot.  By  refer- 
ring to  the  tables,  we  learn  that  there  is  no  particular 
gain  produced  by  the  changing  of  the  location  of  lifting- 
shaft  in  the  distribution  of  steam,  as  admission,  expan- 
sion, compression  and  release  take  place  at  the  same  time 
in  both  tables. 

Table  No.  17. — Shows  a  slight  gain  in  the  opening  of 
steam-ports,  for  the  first  and  second  notches,  that  being 
of  no  importance,  as  no  gain  would  be  derived  from  the 
increase  of  opening^  for  these  two  notches,  the  full-stroke 
notches  having  sufficient  opening  to  supply  the  demand 
for  the  cylinder;  the  notches  at  and  approaching  miu- 
gear,  are  where  an  increase  of  opening  would  be  of  im- 
portance, as  the  steam  becomes  wire-drawn  by  the  small 
opening  of  steam-port,  which  cannot  be  avoided  when 
-"— rr  the  link  as  a  cut-off. 
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H 
Tables  Nos.  8  and  i8. — Showing  the  effect  of  lap, 

both  engines  having  the  same  motion,  except  the  out- 
side lap.  Table  No.  i8,  cylinder  i6  inches  in  diameter ; 
stroke  24  inches;  throw  of  eccentrics  5  inches;  lap  }i 
inch  on  each  end  of  valve,  face  of  valve  being  ij4 
inches  longer  than  the  total  distance  between  the  outside 
edges  of  steam-ports,  inside  having  no  lap;  throat  or 
cavity  of  valve  being  the  same  width  as  the  distance  be- 
tween the  inner  edges  of  steam-ports. 

Table  No.  18. — With  ^  inch  outside  lap,  shows  that 
steam  is  admitted  tQ  piston  8  per  cent  further,  when 
working  in  full-stroke  notch,  than  is  shown  in  Table  No. 
8,  with  I  inch  outside  lap.  For  all  the  rest  of  thQ  notches 
we  find  a  gain  much  in  favor  of  Table  No.  8,  with  i  inch 
outside  lap,  above  Table  No.  18,  with  ^  inch  outside  lap, 
as  the  steam  is  deferred  to  3  per  cent  later  period  of  the 
stroke.  We  also  find,  by  referring  to  Table  No.  8,  with 
I  inch  outside  lap,  that  compression  takes  place  8  per 
cent  later  in  the  stroke,  on  an  average,  for  all  the 
notches,  from  the  fifth  to  the  eighth  notch,  above  that 
shown  in  Valve  Table  No.  18,  with  %  inch  lap.  We  also 
find  that  premature  lead  is  reduced  to  a  proper  quantity, 
by  increasing  the  lap  to  i  inch  outside.  By  referring  to 
Table  No.  8,  we  find  40  per  cent  less  premature  lead 
than  is  shown  in  Table  No.  18.  By  referring  back  to 
Table  No.  7,  with  i  inch  outside  lap,  and  j4  i^^^ch  inside 
lap,  we  have  decreased  the  power  of  engine,  as  the  table 
shows  that,  by  adding  inside  lap,  we  increase  compres- 
sion 14  per  cent,  while  expansion  is  increased  only  9  per 
cent,  and  does  not  show  as  good  a  working  table  as 
Table  No.  18,  with  ^  inch  outside,  and  no  inside  lap. 
We  learn  from  the  tables,  that  lap  may  be  increased  to 
such  an  extent  as  to  work  the  steam  about  one-third,  or  a 
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trifle  over  the  stroke,  expansively,  when  cutting  off  the 
steam  at  one-third  of  the  stroke,  leaving  nearly  one-third 
for  compression.  By  increasing  the  inside  lap,  to  work 
the  steam  by  expansion,  to  a  later  period,  the  compres-  |; 

sion  will  take  place  earlier  in  the  stroke,  to  the  same 
amount  as  expansion  is  deferred,  the  compression  creat- 
ii^g  a  greater  resistance  than  is  gained  by  the  increased 
period  of  expansion  of  steam,  as  the  pressure  of  steam 
is  reduced  and  compression  increased.  By  cutting  off  at 
an  earlier  period  than  one-third  of  stroke  the  steam  be- 
comes too  much  wire-drawn,  as  the  opening  of  steam- 
IX)rt  will  not  be  sufficient  to  fill  the  demand  of  cylinder,  to 
accomplish  much  work.  A  valve  may  be  made  to  cut  off 
at  one-tenth  of  the  stroke,  when  using  two  valves,  one 
as  a  cut-off  valve,  the  other  as  a  main  valve,  the  same  as 
the  old  fashioned  hook  motion,  with  independent  cut-off. 

We  learn  from  the  valve  tables  given,  that  the  distri- 
bution of  steam  is  not  affected  by  changing  the  width 
of  steam-ports,  by  cutting  them  out,  or  narrowing  up  the 
bridges  between  the  steam  and  exhaust  ports,  if  the  valve 
be  changed  also  so  as  to  have  the  same  lap  and  lead  as 
before  the  ports  were  altered;  as  we  learn  from  the 
tables  that  lap,  lead,  and  travel  of  valve  control  the  dis- 
tribution of  steam,  the  valve  controlling  the  four  distinct 
movements  of  steam,  for  each  revolution  of  the  crank, 
admission,  expansion,  compression  and  exhaust.  The 
outside  edges  of  steam-ports,  with  outside  edges  of  valve, 
regulate  the  admission  and  expansion,  while  the  inner 
e^lges  of  the  steam-port,  with  inner  edges  of  valve,  regu- 
late the  exhaust  and  compression,  as  lap.  lead,  and  travel 
of  valve  regulate  the  distribution  of  steam,  and  alteration 
of  any  of  these  will  affect  the  motion  in  a  definable  man- 
ner. As  the  period  of  admission  varies  vnth  the  variation 
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of  either  lap,  lead,  or  travel  of  valve,  so  also  does  that 
of  expansion,  which  increases  as  the  admission  decreases ; 
and  a  reduction  of  the  period  of  admission  will  be  the 
resuk  of  an  increase  of  lap  or  increase  of  lead,  or  reduc- 
tion of  travel  of  valve.  Each  of  these  elements  reaches 
its  extreme  qualities,  as  shown  by  the  tables,  as  follows : 
lap  I  inch  on  each  end  of  valve,  for  fast  time,  inside, 
line-and-line ;  heavy  trains  ^  inch  on  each  end  of  valve, 
inside,  line-and-line,  lead  not  to  exceed  1-16  inch  in  full 
stroke ;  when  required  to  work  engine  in  the  back  notches 
travel  of  valve  reaches  its  maximum  w'hen  traveling  the 
distance  equal  to  the  width  of  both  steam-ports  and  lap  of. 
both  ends  of  valve,  added  together;  to  the  total,  add  i 
inch,  this  will  give  the  proper  travel  of  valve. 

Same  motion  answers  for  all  engines,  whether  20,  22, 
or  24-inch  stroke,  as  we  learn  from  the  tables  that  the 
point  of  suspension  would  be  the  only  point  affected  by 
the  changing  of  crank,  from  a  20-inch  stroke  to  a  24-inch, 
stroke  engine;  the  eccentrics  require  the  same  position, 
also  the  same  lengths  of  eccentric-rod,  for  all  lengths 
of  stroke,  when  using  the  same  valve  motion. 

The  general  influence  common  to  the  link  motion  has 
been  pointed  out  and  illustrated  with  tables  with  some 
minuteness,  sufficient  to  show  that  a  correct  working  link 
motion  can.  be  obtained  for  all  cases.  There  are  also  a 
sufficient  number  of  valve  tables  given,  with  different 
dimensions  of  lap,  lead,  and  travel  of  valve,  so  that  the 
engineer  can  find  a  table  corresponding  with  the  motion 
of  his  engine ;  also  a  table  that  will  correspond  with  any 
alterations  that  he  may  suggest,  giving  a  clear  idea  of 
his  suggestions,  without  experimenting  with  his  engine 
or  the  use  of  a  model. 


ANGULARITY  OF  THE  MAIN  ROD. 

To  on-e  desirous  of  mastering  the  intricacies  of  loco- 
motive construction  and  of  understanding  the  reasons  for 
the  various  designs  of  many  other  mechanisms  this  is  a 
very  important  subject.  But  to  pursue  it  to  an  advanced 
degree  of  comprehension  requires  a  working  knowledge 
of  the  principles  of  that  branch  of  mathematics  called 
trigonometry.  Those,  however,  who  do  not  possess  a 
knowledge  of  the  principles  of  trigonometry  should  not 
on  this  account  conclude  that  they  are  unable  to  acquire 
knowledge  of  angularity  that  will  be  of  practical  value 
to  them  in  their  everyday  contact  with  engines  of  differ- 
ent designs ;  and  also  that  will  enable  them  approximately 
to  account  ior  variations  in  their  operations. 

We  shall  endeavor  to  explain  the  simple  meaning  of 
the  term  ''angularity,"  and  to  illustrate  it  with  a  few 
diagrams,  easily  understood,  so  that  the  reader  will  un- 
derstand clearly  what  it  is. 

In  Fig.  70  are  shown  two  straight  lines,  A  B  and  A  C, 
that  meet  in  a  point  A,  The  opening  between  these  lines 
is  what  is  called  an  angle.  It  will  be  easily  understood 
that  if  the  line  A  B  is  rotated  about  the  point  /I  in  a 
clockwise  direction,  or  toward  the  line  A  C,  the  opening 
between  the  two  lines  will  be  reduced ;  and  if  rotated  in 
a  counter-clockwise  direction  the  oi>ening  will  be  in- 
creased. Hence  we  shall  understand  that,  in  the  first 
case,  the  angle,  or  opening,  between  the  lines  will  be  re- 
duced, while  in  the  second  it  will  be  increased.  From 
that  it  can  be  seen  that  the  angularity,  or  angle,  of  the 
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in  Fig.  70,  and  what  is  meant  by  the  term  "degrees''  of 
an  angle. 

In  Fig.  71  is  represented  the  cylinder,  piston,  cross- 
head,  main  rod,  main  crank  and  crank  circle  of  a  loco- 
motive, with  the  main  crank,  or  pin,  on  the  forward  cen- 
ter. If  we  imagine  a  straight  line  drawn  through  the 
centers  of  the  hub,  main  pin,  crosshead,  piston  and  cylin- 
der it  will  easily  be  seen  that  another  straight  line  drawn 
through  the  center  of  the  main  pin,  lengthwise  through 
th-e  main  rod,  through  the  center  of  the  wrist  pin  and  of 
the  cylinder  will  be  parallel,  or  will  coincide,  with  the 
other  straight  line,  and  hence  that  there  will  be  no  angle 
between  them. 


^^CjrcL 


Fig.   71. 


When  the  main  pin  is  on  the  center,  as  shown  in  Fig. 
71,  the  main  rod  has  no  angularity  because  its  center  line 
coincides  or,  as  we  may  consider  it,  is  parallel  with  the 
center  line  of  the  cylinder. 

In  Fig.  71  the  crank  pin  is  represented  as  having 
moved  over  a  portion  of  its  path  on  the  crank  circle  in 
the  direction  of  the  arrow,  and  the  piston  as  having 
moved  back  a  portion  of  its  stroke  in  the  cylinder.  In 
this  figure  the  main  rod,  as  may  clearly  be  seen,  stands 
at  an  angle  with  the  center  line  of  the  cylinder;  that  is, 
considering  the  main  rod  as  one  straight  line  and  the 
imaginary  dotted  line  through  the  center  of  the  cylinder 
as  another,  both  meeting  in  a  point  at  the  center  of  the 
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crosshead,  or  the  wrist  pin.  Hence  in  this  position  the 
main  rod  is  said  to  have  "angularity." 

As  the  center  of  the  crank  pin  travels  in  its  circular 
path  from  the  front  dead  center  the  angle  of  the  main 
rod  will  increase  from  zero  to  a  maximum,  which  is 
reached  when  the  crank  arm  and  the  main  rod  stand  at 
an  angle  of  90  degrees  with  each  other,  as  shown  in  Fig. 
*J2,  and  then  decrease  from  a  maximum  to  zero  when  the 
pin  comes  to  the  back  dead  center. 

Enough  has  been  said  in  the  foregoing  about  angular- 
ity to  give  us  a  clear  idea  of  the  meaning  of  the  term,  and 
we  shall  now  illustrate  some  of  its  effects  upon  the  rel- 
ative movements  of  the  crank  pin  and  the  piston. 


C<nUr/Li«« 
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Pig.   72. 


Let  us  look  at  Fig.  73.  Here  we  have  divided  a  circle, 
representing  the  crank  pin  path,  into  a  number  of  equal 
parts,  and  have  erected  perpendiculars  from  a  horizontal 
line  passing  through  the  center  to  each  point  of  division. 
If  we  observe  closely  the  spaces  on  the  horizontal  line 
between  these  perpendiculars  it  will  be  noticed  that  some 
are  wider  than  others,  although  the  circular  spaces  be- 
tween the  points  of  division  on  the  circle  are  equal. 

As  the  crank  pin  and  crosshead  are  connected  together 
by  the  main  rod,  it  is  clear  that  the  distance  traveled  by 
the  crosshead,  which  is  always  horizontal,  will  be  influ- 
enced' by  the  circular  movement  of  the  crank  pin — ^which 
movement  itself  is  a  composition  of  a  vertical  and  of  a 
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horizontal  movement,  the  resultant  motion  being"  the 
circle— and  will  be  of  varying  distance  for  each  degree 
of  circular  space  covered  by  the  crank  pin. 


Pig.   73. 


In  Fig.  74  a  diagram  representing  the  path  of  the 
crank  pin  and  the  relative  position  of  the  main  rod,  crank 
pin,  crosshead  and  piston  when  connected  up  is  shown. 
The  upper  half  of  the  path  of  the  crank  pin  is  divided 
into  six  equal  parts  of  30  degrees  each. 

Let  us  now  imagine  that  the  crank  pin  and  main  rod 
have  moved  from  the  front  dead  center  to  the  points  of 
division,  as  shown  in  the  figure,  occupying  successively 
the  positions  i-i,  2-2,  j-j,  etc.    The  distance  traveled  by 
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the  crosshead  is  plainly  marked,  and  these  spaces  can  be 
,  seen  on  the  diagram,  without  the  aid  of  any  measuring 
instrument,  to  be  unequal,  the  shorter  spaces  being  near 
the  end  of  the  guides  and  the  longer  spaces  being  toward 
the  center  of  the  guides,  showing  conclusively  that  the 
speed  of  the  piston  as  it  travels  from  one  end  of  the 
cylinder  to  the  other  is  variable,  although  the  speed  of 
the  crank  pin  be  imiforni,  and  that  it  is  greatest  as  the 
piston  sweeps  through  the  middle  portion  of  the  cylinder. 
This  variation  in  piston  speed  is  due  to  the  angularity  of 
the  main  rod.  Kjiowledge  of  this  simple  fact  is  of  great 
value  to  us  in  our  study  of  many  kinds  of  mechanical 
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Fig.   74. 


constructions;  and  it  enables  us  to  anticipate  what  the 
possible  differences  in  the  work  and  wear  of  locomotives, 
having  different  lengths  of  main  rods  and  different 
lengths  of  stroke  of  piston,  will  be,  and  to  compare  these 
differences. 

A  little  practice  during  spare  moments  on  the  follow- 
ing will  serve  to  impress  forcibly  on  our  minds  a  clear^ 
understanding  of  the  subject. 

Take  the  engine  you  are  firing  and  measure  carefully 
the  distance  between  the  center  of  the  wrist  pin  and  the 
center  of  the  crank  pin.     This  distance  will  be  the  true 
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length  of  the  main  rod.  Next  measure  the  distance  be- 
tween the  center  of  the  hub  of  the  main  driving  wheel 
and  the  center  of  the  crank  pin.  Twice  this  distance 
will  be  the  stroke  of  the  engine.     Now  take  a  sheet  of 


paper,  the  larger  the  better,  and  make  a  drawing  to  scale, 
like  Fig.  74,  which  will  represent  the  cylinder,  guides, 
crosshead,  piston  and  crank  pin  circle.  Divide  the  upper 
half  of  the  circle  of  the  crank  pin  into  as  many  equal 
parts  as  is  convenient,  and  then  determine  the  position  of 
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the  crosshead  in  th^  guides  for  each  of  the  division 
points  on  the  crank  circle,  as  is  done  Jn  Fig.  74  and  note 
the  distance  that  the  crosshead  travels  for  each  division 
on  the   crank  circle.     Having  done  this  carefully,  j^ju 


will  then  easily  see  what  angularity  of  the  main  rod 
means  for  your  particular  engine,  and  what  its  influence 
is  on  the  piston  speed  and  on  many  other  things  herring 
on  the  satisfactory  operation  of  your  engine. 

The  illustrations  shown,  figures  75  and   76,  portray 
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the  inetlKMl  of  operating  a  Franklin  pneumatic  fire  door. 
Figure  75  shows  the  firenian  taking  up  a  scoop  of  coal, 
the  door  remaining  closed  until  he  has  it  ready  to  throw 
in,  when,  as  is  shown  in  Figure  76,  the  door  opens  auto- 
matically and  closes  instantly.  Figure  77  shows  the  ar- 
rangement in  detail. 

It  is  claimed  that  the  use  of  this  door  greatly  reduces 
the  labor  of  the  fireman  by  reducing  the  number  of  move- 
ments he  must  make,  as  is  shown  in  the  following  com- 
parisons : 

WITHOUT  THE  DEVICE. 

For  each  ton  of  coal  consumed  585  distinct  move- 
ments on  the  part  of  the  fireman  are  required,  divided 
as  follows: 

I — Filling  shovel  with  coal. 

2 — Opening  door. 

3 — Picking  up  shovel. 

4 — Throwing  coal  into  the  firebox. 

5 — Closing  door. 

WITH  THE  DEVICE. 

The  numlber  of  movements  on  the  part  of  the  fireman 
are  reduced  to  234,  or  just  40  per  cent  of  those  required 
with  the  Pneumatic  Door,  the  remaining  movements 
being  as  follows : 

I — Filling  the  shovel  with  coal. 

2 — Putting  the  coal  into  the  firebox. 

Taking  for  the  basis  of  calculation  an  engine  burning 
ten  ( 10)  tons  of  coal  upon  a  trip,  with  a  number  4  scoop 
(holding  on  an  average  17  pounds  of  coal)  and  without 
the  door,  6,020  movements  will  be  required,  as  against 
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,340  with  the  device  applied,  reducing  the  number 
,680;  while  upon  some  long  freight  runs  where  twenty 
20)  tons  of  coal  are  consumed  the  movements  will  reach 
le  enormous  figure  of  11,700,  where  the  door  will  re- 
eve the  fireman  of  7,020  of  them. 
The  device  is  operated  with  less  than  1-3000  of  the 
ipacity  of  a  standard  pump.  It  is  quite  simple,  and  has 
ut  few  parts.  The  slightest  pressure  of  the  foot  upon 
le  pedal  which  extends  upon  the  deck  floor  instantly 
pens  the  door,  which  is  balanced,  and  when  the  foot  is 
amoved  it  closes  with  equal  rapidity.  Yet,  when  desired,' 
le  doors  may  be  left  open  to  any  extent  necessary  when 
[>proaching  or  standing  at  stations.  When  so  desired 
le  door  may  be  operated  by  hand,  and  since  it  is  bal- 
Tced,  even  more  conveniently  than  with  the  old  style 
x>rs. 

The  doors  being  hollow  prevents  them  from  becoming 
o  hot,  it  also  provides  for  a  constant  flow  of  hot  air 
to  the  fire-box  while  the  doors  are  closed.  This  mater- 
ly  aids  combustion  and  to  a  large  extent,  it  is  claimed, 
duces  black  smoke. 

The  increased  size  and  capacity  of  modern  locomo- 
es  has  led  to  discussion  regarding  putting  a  second 
iman  upon  the  heavy  engines,  but,  it  is  said,  that  in 
;es  where  this  pneumatic  door  has  been  applied  the 
iman  has  experienced  no  difficulty  in  handling  the  run. 
would  therefore  appear  that  the  application  of  this  or 
lilar  devices  may  entirely  solve  the  question  and  over- 
le  the  difficulty. 


REPORTING  LOCOMOTIVE  DEFECTS. 

"No  steam,  right  injector  not  working,  pound  on  the 
right  side,  bad  coal."  Such  reports  as  these  are  often 
made  by  the  enginemen. 

It  is  impossible  to  keep  locomotives  up  to  proper  con- 
dition with  reports  of  this  character,  because  roundhouse 
forces  are  not  given  sufficient  information  to  correct  the 
difficulties.  When  an  engine  is  cold  in  the  roundhouse 
it  is  impossible  for  the  men  to  discover  the  exact  cause  of 
the  trouble  and  in  many  cases  the  necessary  work  is  not 
done. 

Many  motive  power  officials  complain  of  the  in- 
definiteness  of  the  reports  of  enginemen  and  they  say  it 
has  grown  worse  with  the  increase  of  pooling.  Un- 
doubtedly if  the  men  realized  the  importance  of  it  they 
would  be  more  explicit  in  their  statements.  On  some 
roads  such  reports  are  not  permitted,  the  men  being  re- 
quired tj  know  where  the  pound  occurs,  what  the  trouble 
with  the  injector  is  and  why  the  engine  does  not  steam, 
or  if  they  cannot  tell  positively  they  are  required  to 
give  an  intelligent  opinion. 

It  is  not  unreasonable  to  expect  an  engineer  to  know 
quite  definitely  what  is  wrone:,  and  where  such  difficulties 
occur  it  seems  fair  to  predict  that  great  good  would  re- 
sult from  closer  relations  between  the  traveling  engineer 
and  the  men.  Would  the  owner  of  a  $20,000  horse  ac- 
cept from  his  driver  a  statement  that  the  animal  was 
lame,  or  otherwise  not  right?  He  would  certainly  be 
justified  in  expecting  the  man  to  take  sufficient  interest 
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know  where  he  was  lame  or  what  was 

ot  be  believed  that  the  men  who  are  en- 

Kiem   locomotives    are  not   capable   of 

losis. 

enerally  accepted  as  a  reascm  for  engine 

roads.  There  seems  to  be  some  mystic 
vo  words.  With  proper  management  of 
al"  should  never  lead  to  an  engine  fail- 
motives  designed  for  the  coal  they  must 
emen  receive  the  amount  of  instruction 
;1  that  the  importance  of  their  work  re- 
lic engineer  feel  sufficiently  responsible 

in  the  work  of  his  firemen  to  give  him 
i  experience?  Anything  which  will  in- 
■st  of  the  men  in  their  work  will  help 
)ng  wonderfully.  In  Europe  premiums 
and  fireman  have  accomplished  wonders 
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DEFINITIONS. 

Compression.  The  closing  of  the  exhaust  by  the 
exhaust  edges  of  the  valve  and  the  steam  thus  confined 
in  the  cylinder  being  compressed  by  the  approaching  pis- 
ton is  the  compression. 

Cut-off.  The  portion  of  the  stroke  of  the  piston 
when  the  valve  closes  the  steam  port  for  the  admission 
of  steam  to  the  cylinder. 

Cylinder  Clearance.  The  space  between  the  piston 
and  cylinder-head  and  valve-face  when  the  piston  is  at 
the  beginning  of  its  stroke. 

Exhaust  Lap.  The  amount  of  valve  that  extends 
over  the  inside  edges  of  the  steam  ports  when  the  valve 
is  in  the  center  of  its  seat. 

Exhaust.  The  release  of  the  steam  from  the  cylinder 
when  the  exhaust  edge  of  the  valve  opens  the  port  and 
permits  the  steam  to  escape  to  the  exhaust  passage. 

Expansion.  The  expanding  of  the  steam  in  the  cylin- 
der after  the  valve  closes  the  port  for  admission. 

Heating  Surface.  All  surfaces  having  water  on  one 
side  and  fire  or  heated  gases  on  the  other. 

Heat  Unit.  A  quantity  of  heat  that  will  raise  the 
temperature  of  one  pound  of  water  one  degree  or  from 
39°  to  40°  Fahr. 

Horse  Power.  A  power  that  will  raise  33,000  pounds 
one  foot  high  in  one  minute,  or  its  equivalent. 

Inside  Clearance.    The  amount  the  valve  fails  to 
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cover  the  inside  edges  of  the  steam  port  when  the  valve 
is  in  the  center  of  its  seat.^ 

Lap.  The  amount  of  valve  that  extends  over  the  out- 
side edges  of  the  steam  ports  when  the  valve  is  in  the 
center  of  its  seat. 

Lead.  The  amount  of  opening  of  the  steam  port 
when  the  piston  is  at  the  beginning  of  its  stroke 


MECHANICAL 
EXAMINATIONS 


FIRST  YEAR 


Ciiving  Answers  to  Questions  Adopted  by  the 
Traveling  Engineers'*  Association,  First  Year  Me- 
chanical Examination  :  :  :  : 
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Question  i.  What  are  a  fireman's  duties  on  arrival 
at  round-house  previous  to  going  out  on  a  locomotive? 

Answer.  Arrive  in  ample  time  to  get  ready  for  the 
trip,  examine  the  bulletin  board  for  new  bulletins.  On 
reaching  the  cab  note  condition  of  fire  in  firebox  and  the 
level  of  water  in  boixr.  Dust  out  cab.  Wipe  off  the 
boiler-head.  Sweep  off  deck  and  clean  coal  out  of  gang- 
way. See  that  oil  cans,  cab  lamps  and  markers  are  clean 
and  ready  for  use,  and  lighted  if  at  night.  The  ash-pan 
clean  and  grates  straight  and  see  that  they  can  be  shaken 
and  left  straight.  Know  that  engine  is  supplied  with 
the  necessary  firing  tools  and  sufficient  coal,  water,  sand, 
oil  and  other  supplies  to  meet  the  requirements  of  the 
trip.     Display  proper  signals. 

Q.  2.  What  pressure  is  indicated  by  the  steam  gauge? 
W'hat  is  meant  by  atmospheric  pressure  ? 

A.  The  pressure  in  pounds  per  square  inch  in  the 
inside  of  the  boiler.  Atmospheric  pressure  is  the  pres- 
sure of  the  weight  of  the  air  on  the  earth's  surface, 
which  at  sea  level  is  14.7  pounds  per  square  inch.  This 
pressure  increases  below  sea  level  and  decreases  above 
sea  level  in  high  altitudes,  sometimes  noticeable  in  the 
working  of  injectors  on  locomotives  engaged  in  mountain 
service. 

Q.  3.  What  is  the  source  of  power  in  a  steam  locomo- 
tive ?  What  quantity  of  water  ought  to  be  evaporated  in 
a  locomotive  boiler  to  the  pound  of  coal? 

A.     Heat  units  contained  in  the  fuel  are  the  source 

of  power.     Heat  is  absorbed  by  the  water  in  the  boiler. 

generating  steam  which  is  converted  into  work  by  the 

locomotive.     A  heat  unit  is  a  quantity  of  heat  that  will 
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raise  the  temperature  of  one  pound  of  water  one  degree. 
The  quantity  of  water  evaporated  per  pound  of  coal  in 
a  locomotive  boiler  depends  upon  the  quality  of  the  coal, 
the  efficiency  of  the  boiler  and  class  of  service.  Usually 
six  to  eight  pounds  of  water  is  evaporated  per  pound  of 
coal  in  service. 

Q.  4.     What  is  steam  and  how  is  it  generated  ? 

A.  Steam  is  water  changed  to  a  gas  by  the  continued 
application  of  heat  and  is  generated  by  raising  the  temr 
perature  of  the  water  a'bove  the  boiling  point. 

Q.  5.     At  wbat  temperature  does  water  boil? 

A.     Two  hundred  twelve  (212)  degrees  at  sea  level. 

Q.  6.  What  is  the  temperature  of  water  in  a  boiler 
when  the  pressure  is  200  pounds? 

A.  At  200  pounds  pressure  the  temperature  of  steam 
is  '387.7  degrees. 

Q.  7.     What  is  combustion  ? 

A.  A  chemical  combination  resulting  in  heat  and 
light,  or  the  uniting  with  oxygen  of  any  comibustible  mat- 
ter heated  to  its  igniting  temperature. 

Q.  8.     What  is  the  composition  of  bituminous  coal  ? 

A.  Carbon,  Hydrogen,  Nitrogen,  Oxygen,  Sulphur, 
and  ash;  carbon  about  80%,  hydrogen  about  5%,  and  the 
remaining  15%  waste  or  non-combustible.  The  per- 
centage of  each  element  varies  with  different  qualities  of 
coal. 

Q.  9.  What  is  cart)on?  From  what  is  oxygen  ob- 
tained ? 

A.  Carbon  is  a  chemical  element  and  constitutes  the 
chief  portion  of  all  fuel.  Oxygen  is  obtained  from  the 
atmosphere. 

:    Q.  10.     What  per  cent  of  oxygen  is  in  the  atmosphere? 
^  A^    From  20  to  23  per  cent. 
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Q.  II.     Is  air  necessiiry  for  combustion?    Why? 

A.  Air  is  necessary  and  must  be  supplied  to  introduce 
sufficient  oxygen  into  the  firebox  to  maintain  combus- 
tion; without  oxygen  fuel  would  not  burn.  (Note:  Try 
an  oil  stove  in  a  closed  room  for  an  example.) 

Q.  12.  How  many  cubic  feet  of  air  is  necessary  for 
the  combustion  of  a  pound  of  coal  in  a  locomotive  fire- 
box? 

A.  About  200  to  250  cubic  feet  of  air  per  pound  of 
coal  is  required  to  supply  oxygen  to  the  fire  for  proper 
combustion. 

Q.  13.  What  is  the  effect  upon  combustion  if  too  lit- 
tle air  is  supplied  through  the  fire?  If  too  much  air  is 
supplied  ? 

A.  If  sufficient  air  is  not  supplied  the  combustible 
gases  escape  unconsumed  through  the  flues  and  stack 
which  means  a  loss  of  fuel.  If  too  much  air  is  admitted 
the  firebox  sheets  and  flues  are  cooled  and  the  tempera- 
ture of  the  water  and  steam  in  the  boiler  is  reduced ;  the  , 
expansion  and  contraction  produce  leaks  in  flues  and 
staybolts,  and  fuel  is  wasted  by  the  temperature  of  the 
gases  being  reduced  below  the  igniting  point. 

Q.  14.  What  effect  on  combustion  has  the  closing  and 
opening  of  dampers? 

A.  Opening  the  dampers  aids  combustion  by  ad- 
mitting air  and  oxygen.  Qosing  the  dampers  excludes 
air  and  oxygen  from  the  fire  and  retards  comtustion. 

Q.  15.     How  is  a  draft  created  through  the  fire? 

A.  When  the  locomotive  is  at  rest  the  draft  is  created 
by  reason  of  the  difference  in  the  atmospheric  pressure 
at  the  fire  and  the  top  of  the  smoke  stack ;  the  heated  air 
and  gases  being  lighter  than  the  air,  escape  through  the 
flues  and  stack  to  the  atmosphere.    This   is   known   as 
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natural  draft.  When  the  engine  is  working  the  exhaust 
steam  from  the  cylinders  passes  up  through  the  stack 
producing  a  partial  vacuum  in  the  front  end ;  air  rushing 
in  through  the  grates  and  flues  to  fill  this  vacuum  creates 
a  draft  on  the  fire.  At  other  times  a  forced  draft  is  ob- 
tained by  the  use  of  a  blower. 

Q.  1 6.     Describe  a  blower,  its  use  and  abuse? 

A.  A  blower  consists  of  a  pipe  extending  from  the 
dome  or  steam  turret  on  the  boiler-head  to  the  smoke- 
box  and  directed  upward  nearly  in  line  with  the  exhaust- 
pipe  and  stack,  equipped  with  a  valve  in  the  cab  within 
convenient  reach  of  the  fireman.  When  the  valve  is 
opened  steam  enters  the  pipe  and  escapes  from  the  open 
end  through  the  stack  to  the  atmosphere  producing  a 
draft  on  the  fire  on  the  principle  of  induced  currents. 
Its  use  is  to  create  a  draft  on  the  fire. when  the  engine  is 
not  working.  Its  abuse  is  to  use  it  more  than  necessary 
when  cleaning  or  raking  fires  at  terminals  or  at  times 
when  the  fire-door  is  open  or  a  light  fire  on  the  grate.  If 
used  too  freely  under  above  conditions  cold  air  is  drawn 
into  the  firebox  and  flues  which  causes  them  to  contract 
and  leak. 

Q.  17.  What  good  and  bad  eflfect  is  produced  by 
opening  the  fire-door  when  engine  is  being  worked? 

A.  The  good  effect  is  that  black  smoke  may  be  re- 
duced and  the  opening  of  the  pop  valves  prevented.  The 
bad  effect  is  fire-box  and  flues  are  chilled  by  the  cold  air 
which  reduces  the  temperature.  The  flues  being  much 
lighter  than  the  flue  sheet,  contraction  takes  place  more 
rapidly  and  soon  causes  them  to  become  loose  in  the  sheet 
and  leak.    It  is  also  a  waste  of  fuel. 

Q.  18.  In  what  condition  therefore  should  the  fire 
be,  in  order  that  the  best  results  may  be  obtained? 
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A.  The  fire  should  be  built  up  properly  for  the  antici- 
pated service  the  engine  is  to  perform,  and  allowed  to 
burn  down  approaching  summits  of  grades  and  shutting- 
off  places  if  time  will  permit.  Fire  should  be  maintained 
at  uniform  thickness  and  free  from  clinkers  if  possible, 
using  no  more  fuel  than  necessary  to  keep  a  uniform 
pressure  on  boiler. 

Q.  19.  What  effect  has  the  fire  upon  a  scoopful  of 
coal  when  it  is  placed  in  the  firebox? 

A.  When  a  scoopful  of  coal  is  placed  in  the  fire  it 
absorbs  heat  and  the  gases  are  driven  off  or  liberated 
which  mix  very  quickly  with  the  air  in  the  firebox  and  if 
at  the  igniting  temperature  produce  as  near  perfect  com- 
bustion as  is  obtainable. 

Q.  20.  What  is  the  effect  of  putting  too  many  scoops 
of  coal  on  a  bright  fire?     Is  this  a  waste  of  fuel? 

A.  The  effect  is  the  more  coal  placed  on  the  fire  at 
one  time,  the  more  the  temperature  of  the  firebox  is  re- 
duced which  brings  it  below  the  igniting  temperature  of 
the  gases,  and  the  large  volume  of  gases  liberated  in  this 
irregular  manner  are  not  mixed  with  the  air  in  the  fire- 
box, but  are  drawn  through  the  flues  unconsumed,  caus- 
ing expansion  and  contraction  of  the  firebox  and  sheets 
and  increasing  the  amount  of  black  smoke.  It  is  a  waste 
of  fuel  and  causes  the  fire  to  become  clinkered  or  dirty 
very  quickly  and  leaky  flues  result. 

Q.  21.  In  what  condition  should  the  fire  be  to  con- 
sume the  gases? 

A.  The  fire  should  be  kept  burning  brightly  at  as 
high  and  even  a  temperature  as  possible. 

Q.  22.  What  is  the  temperature  of  the  fire  when  in 
this  condition? 

A.     From  2,000  to  2,500  degrees,  as  the  igniting  tern- 
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perature  of  the  gases  is  about  i,8oo  degrees.  I  would 
aim  to  keep  the  fire  as  bright  as  possible. 

Q.  23.  How  can  the  fire  be  maintained  in  this  con- 
dition ? 

A.  By  putting  in  a  small  quantity  of  fuel  at  a  time, 
firing  light  and  often. 

Q.  24.     What  is  black  smoke?    Is  it  combustible? 

A.  Black  smoke  is  a  mixture  of  gases  and  carbon, 
the  greater  part  of  which  ^is  carbon,  and  is  combustible. 
But  in  locomotive  service  it  cannot  be  consumed  after  it 
is  formed. 

Q.  25.     How  can  black  smoke  be  avoided? 

A.  By  firing  light  and  often  with  an  engine  in  good 
condition  and  properly  drafted,  a  fair  grade  of  coal,  and 
the  engineer  and  fireman  working  in  harmony,  unneces- 
sary black  smoke  may  be  avoided. 

Q.  26.  Have  you  made  an  effort  to  practice  the 
smokeless  method  of  firing?  What  results? 

A.  I  have  tried  it  and  on  some  locomotives  and  under 
certain  conditions  made  a  success.  But  failed  on  other 
engines  and  runs  when  conditions  were  adverse. 

Q.  27.  Can  the  firing  be  done  more  intelligently  if 
the  water  level  is  observed  closely?    Why? 

A.  By  watching  the  water  level  closely  the  fireman 
can  anticipate  the  amount  of  water  necessary  for  the 
boiler  supply  and  fire  accordingly,  allow  the  fire  to  burn, 
and  prevent  coal  being  wasted  by  open  pop  valves,  in 
case  the  water  level  is  at  its  maximum  height  prior  to 
closing  the  throttle  for  a  station  stop  or  descending  a 
grade. 

Q.  28.  What' advantage  is  it  to  the  fireman  to  know 
the  grades  of  the  road  and  location  of  stations? 

A.     The  fireman  should  know  the  road  in  order  to  fire 
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in  an  economical  manner,  W'hen  familiar  with  the  road 
and  the  work  of  the  run  he  can  prepare  the  fire  sufficient- 
ly in  advance  of  the  work  the  engine  is  to  perform  and 
thereby  carry  a  more  uniform  pressure  on  the  boiler, 
making  the  work  of  firing  much  easier  and  save  coal. 
Without  knowing  the  road  it's  all  up-hill  to  him,  and  he 
fires  in  fear  of  a  hard  pull  where  the  engine  is  working 
light,  much  coal  will  be  used  unnecessarily. 

Q.  29.  What  is  the  purpose  of  a  safety  valve  on  a 
locomotive  boiler?    Why  are  more  than  one  used? 

A.  The  purpose  of  a  safety  valve  on  a  locomotive 
boiler  is  to  relieve  the  boiler  of  pressure  above  that  which 
the  boiler  is  designed  to  carry.  On  light  power  the 
second  safety  valve  is  for  the  purpose  of  relieving  the 
boiler  in  case  one  pop  valve  becomes  defective  or  in- 
operative. On  boilers  with  large  grate  area,  one  pop 
valve  will  not  provide  sufficient  opening  to  relieve  the 
pressure  at  all  times,  therefore  three  or  more  valves  are 
used. 

Q.  30.  What  should  be  done  to  prevent  waste  of 
steam  through  the  safety  valve? 

A.  Prevent  waste  from  this  cause  as  far  as  possible 
by  close  attention  to  firing,  dropping  dampers  and  put- 
ting on  heaters  or  injector  if  shut  off  and  room  for  water. 
If  working  would  increase  boiler  feed,  open  door  on 
latch,  or  put  in  a  scoop  of  coal  if  fire  is  right  for  it. 
Would  use  my  best  judgment  in  this  to  prevent  waste 
of  steam. 

Q,  31.  What  is  the  estimated  waste  of  coal  for  each 
minute  the  safety  valve  is  open  ? 

A,  Fifteen  pounds  per  minute,  but  with  large  pops 
and  high  pressure  it  sometimes  exceeds  this  amount. 

Q.  32.     What  should  be  the  condition  of  the  fire 
arriving  at  a  station  where  stop  is  to  be  made? 
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A.  Fire  should  "be  burned  to  a  condition  that  would 
cause  no  waste  of  steam  from  the  pop  valves,  or  black 
smoke  if  possible  to  avoid  it. 

Q.  33.  How  should  you  build  up  the  fire  when  at  sta- 
tions, in  order  to  avoid  black  smoke?  , 

A.  Have  the  coil  well  broken  and  fire  as  little  at  a 
time  as  conditions  permit,  using  the  blower,  fire  door  and 
dampers  to  prevent  black  smoke. 

Q.  34.  What  should  be  the  condition  of  the  fire  when 
passing  over  the  summit  of  a  long  grade  ? 

A.  It  should  be  burned  down  the  same  as  for  a  sta- 
tion stop, 

Q,  35.  If  the  injector  is  to  be  used  after  throttle  is 
shut  otf,  how  should  the  fire  be  maintained. 

A.  The  fire  should  be  kept  burning  brightly;  use 
blower  if  necessary  to  keep  fire  bright  and  boiler  at  prc^ 
er  temperature. 

Q.  36.  What  would  be  the  resuh  of  starting  a  heavy 
train  with  too  thin  a  fire  on  the  grates? 

A.  The  coal  would  be  lifted  from  the  grates  and  holes 
formed  in  the  fire,  admitting  cold  air  whidi  would  re- 
duce the  firebox  temperature  and  cause  a  corresponding 
reduction  of  the  boiler  pressure.  Avoid  this  by  keeping 
fire  at  proper  thickness  on  grates  for  the  work  to  be  done 
at  all  times. 

Q.  37.  Where,  as  a  rule,  should  the  coal  be  placed  in 
the  firebox? 

A.  Coal  should  be  scattered  as  evenly  as  possible  over 
the  grate  surface  if  the  engine  is  drafted  to  burn  the  fire 
evenly,  taking  care  to  keep  the  sides  and  corners  of  the 
grate  covered  slightly  heavier  than  the  center.  Would 
close  fire-door  after  putting  in  each  shovelful  of  coal 


FIRST    YEAR   EXAMINATIONS  381 

Q.  38.  When  and  for  what  purpose  is  the  use  of  a 
rake  on  the  fire  bed  allowable  ? 

A.  The  rake  should  be  used  whenever  necessary  to 
level  the  fire.  Its  frequent  use  is  evidence  of  a  lack  of 
care  and  skill  in  placing  the  coil  properly  on  the  grate 
surface. 

Q.  39.  Within  what  limits  may  steam  pressure  be  al- 
lowed to  vary?    Why? 

A.  Five  pounds  is  a  reasonable  limit  of  variation 
when  engine  is  working.  At  shutting  off  places,  the 
variation  will  necessarily  be  greater  to  prevent  popping. 
The  pressure  on  the  boiler  should  be  kept  as  uniform  as 
possible  to  avoid  leaky  flues  and  stay-bolts. 

Q.  40.  Has  improper  firing  any  tendency  to  cause 
tubes  to  leak?    How? 

A.  It  lias.  Allowing  the  fire  to  become  too  thin  or  to 
get  holes  in  it,  or  reducing  the  temperature  of  the  fire- 
box by  leaving  the  door  open  while  putting  in  coal,  plac- 
ing too  much  coal  in  the  firebox  at  one  time,  using  the 
blower  too  strongly  with  door  open,  or  without  sufficient 
fir^  on  the  grate;  doing  any  of  these  things  will  cause 
variation  in  firebox  temperatures  producing  expansion 
and  contraction  of  tubes  and  firebox  sheets  causing  them 
to  leak. 

Q.  41.    What  do  you  consider  abuse  to  a  boiler? 

A.  Using  blower  harder  than  necessary ;  firing  in  an 
indifferent  manner ;  leaving  door  open  while  firing  when 
engine  is  working;  holding  door  wide  open  to  prevent 
popping;  slipping  engine  from  ash-pit  to  roundhouse 
after  fire  is  banked  or  knocked  out;  putting  cold  water 
in  boiler  when  fire  and  steam  pressure  is  low;  running 
the  engine  with  a  badly  clinkered  or  dirty  fire;  slugging 
the  firebox  with  more  coal  than  can  be  consumed ;  bank- 
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ing  the  fire  at  one  end  of  the  firebox  and  leaving  the 
other  end  without  being  covered,  allowing  cold  air  to 
come  in  contact  with  firebox  and  flues. 

Q.  42.  How  would  you  take  care  of  a  boiler  with 
leaky  tubes  or  firebox? 

A.  I  would  maintain  the  fire  as  near  a  uniform  tem- 
perature as  possible.  Keep  the  door  closed  as  much  as 
possible  and  use  the  blower  as  little  as  possible,  firing 
evenly  and  with  coal  well  broken.  Would  not  work  the 
injector  very  long  at  a  time  when  engine  was  shut  off 
and  would  keep  the  fire  free  from  clinker  and  make 
proper  use  of  dampers. 

Q.  43.  What  are  the  advantages  of  an  arch  in  the 
locomotive  firebox? 

A.  The  advantages  of  a  brick  arch  in  a  locomotive 
firebox  are  that  it  retains  the  gases  longer  in  the  firebox, 
giving  a  longer  time  for  combustion  before  they  are 
drawn  through  the  flues,  also  mixes  the  air  with  the 
gases  better  and  aids  combustion.  It  prevents,  in  a 
measure,  the  cold  air  which  enters  the  fire-door  from 
striking  the  flues  before  it  is  heated  and  gives  a  unifonn 
temperature  in  the  firebox. 

Q.  44.  Why  is  it  very  important  that  coal  should  be 
broken  so  that  it  will  not  be  larger  than  an  ordinary 
sized  apple,  before  being  put  into  the  firebox  ? 

A.  It  is  necessary  to  introduce  air  into  the  firebox  as 
well  as  fuel  to  obtain  combustion.  When  the  coal  is 
broken  to  about  the  size  of  an  apple  it  does  not  require 
as  much  heat  to  make  it  crumble  and  give  off  the  com- 
bustible gases.  It  absorbs  the  heat  more  quickly,  due 
to  the  larger  surface  exposed  to  the  fire  and  permits  a 
freer  flow  of  air  through  the  grates  and  fire  to  com- 
bine with  the  gases.     Combustion  is  more  rapid,    less 
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clinker  Is  formed  and  the  fire  can  be  carried  at  a  more 
even  thickness  on  the  grates. 

Q.  45.  When  and  why  should  you  wet  the  coal  on 
the  tender? 

A.  Would  not  wet  it  at  all  only  to  Tceep  down  the 
dust,  unless  it  was  very  fine,  then  would  wet  it  only 
enough  to  give  it  weight  to  prevent  its  being  drawn  into 
the  flues  before  consumed.  All  the  water  put  on  the 
coal  must  be  evaporated  before  the  coal  will  burn,  and 
the  water  generated  into  steam  in  the  firebox  impairs  the 
draft  of  the  boiler. 
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AIR  BRAKE  QUESTIONS  AND  ANSWERS. 

Q.  I.    What  is  an  air  brake? 

A.    It  is  a  brake  applied  by  compressed  air. 

Q.  2,    How  is  the  air  compressed  for  use  in  the  brake 
system  ? 
A.     By  the  air  pump  on  the  locomotive. 

Q.  3.  What  are  the  essential  parts  of  the  air  brake 
as  applied  to  a  locomotive? 

A.  The  air  pump,  the  main  reservoir,  the  engineer's 
brake  valve,  the  train  pipe  with  its  hose  and  couplings, 
the  auxiliary  reservoir,  the  triple  valve,  brake  cylinder, 
the  gauge  and  pump  governor. 

Q.  4.  How  many  kinds  of  triple  valves  are  there  in 
use? 

A.     Two,  the  plain  triple  and  the  quick-action  triple. 

Q.  5.  What  is  the  main  reservoir  used  for  and  where 
is  it  located  ? 

A.  The  main  reservoir  is  for  storing  air  in  advance 
of  its  need  for  any  purpose.  Its  air  is  principally  used 
to  restore  pressure  to  the  train  line;  also  for  signal  line, 
bell  ringer,  air  sander,  blow  off  cock,  door-opener,  water 
scoop,  etc.  The  main  drum  is  usually  located  on  the  en- 
gine, but  sometimes  on  the  tender. 

Q.  6.     What  is  the  usual  standard  train  pipe  pressure? 
A.     Seventy  (70)  pounds  per  square  inch. 

Q.  7.    What  pressure  is.  usually  carried  in  the  main 
reservoir  ? 
A.     Ninety  (90)  to  no  pounds. 
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Q.  8.  Why  is  it  important  that  all  air  brake  appa- 
ratus should  be  kept  tight  and  free  from  leaks? 

A.  Primarily  so  that  its  use  for  the  purposes  intended 
will  be  definite,  also  to  avoid  overtaxing  the  pump. 

Q.  9.  Where  does  the  air  come  from  that  operates 
the  sand  blower,  bell  ringer,  blow-of!  cock,  air  whistle 
si^al,  water  scoop  and  other  devices? 

A.    From  the  main  reservoir. 


f 


I 


■ClIANICAL  EXAMINATIONS 


MECHANICAL 
EXAMINATIONS 


SECOND  YEAR 


Giving  Answers  to  Questions  Adopted  by  t&e 
Traveling  Engineers'  Association,  Second  Year 
Mechanical  Examination  :  :  : 
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Q.  I.  What,  in  your  opinion,  is  the  best  way  to  fire  a 
locomotive  ? 

A.  Arrive  at  the  locomotive  on  time  and  have 
everything  ready  for  the  trip,  build  up  the  fire  while 
going  to  the  yard  for  train,  having  fire  ready  and  the 
right  pressure  when  ready  to  start.  Break  lumps  to 
proper  size,  fire  light  and  often,  close  fire-door  as  quick- 
ly as  possible  after  each  scoopful  of  coal  is  put  in  fire- 
box when  engine  is  working.  Scatter  the  coal  over  the 
grate  surface  evenly,  keeping  the  sides  and  comers  of 
grates  well  covered  and  prevent  banks  or  holes  being 
formed  in  the  fire.  Keep  the  fire  hot  when  the  injector 
is  working  with  engine  shut  off,  grates  free  from  ashes 
and  clinkers  and  the  ash-pan  -clean.  Would  do  my  best 
to  keep  a  uniform  boiler  pressure  as  near  the  popping 
point  as  possible  without  letting  her  pop.  Watch  for 
signals  at  all  times  when  necessary  and  make  myself 
useful  in  any  manner  pertaining  to  the  duties  of  a  fire- 
man. 

Q.  2.  What  is  the  cause  of  the  drumming  noise  when 
engine  is  shut  off?  Can  and  should  it  be  avoid^ed?  Why? 

A.  The  drumming  noise  is  caused  by  the  hydrogen 
expelled  from  the  coal  combining  in  certain  proportions 
with  the  oxygen  present,  forming  oxyhydrogen  gas^  an 
explosive  compound  which  when  subjected  to  high  tem- 
peratures, produces  a  series  of  minute  explosions  in  the 
firebox.  It  can  and  should  be  avoided  by  dropping  a 
damper  and  opening  fire-door  on  latch,  because  it  is 
very  annoying  to  passengers  and  the  public,  and  inter- 
feres with  operators  reading   instruments   at    telegraph 

stations. 
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Q.  3.  Describe  the  general  form  of  a  locomotive 
boiler. 

A.  The  general  form  of  a  locomotive  boiler  is  cylin- 
drical, having  a  rectangular  or  square  shaped  firebox  at 
one  end  and  a  smoke  box  at  the,  other  with  flues  extend- 
ing through  the  cylindrical  part  from  the  flue  sheet  in 
the  firebox  to  the  flue  sheet  at  front  end  of  boiler,  which 
with  the  firebox  and  all  heating  surface,  is  surrounded 
or  exposed  to  contact  with  water. 

Q.  4.  How  does  the  wide  firebox  type  of  boiler  differ 
from  the  ordinary  boiler,  and  what  are  the  advantages  ? 

A.  It  has  a  shallow  firebox  extending  over  the  frames 
which  permits  a  larger  water  space  on  sides  of  firebox 
and  gives  a  larger  grate  surface  per  square  foot  of  heat- 
ing surface,  allowing  the  advantage  of  a  much  slower 
rate  of  combustion.  The  slower  the  rate  of  combustion 
the  more  heat  units  are  absorbed  by  the  water  and  a 
higher  efficiency  is  obtained  from  the  boiler. 

Q.  5.  Why  have  two  firebox  doors  been  placed  in 
the  large  type  of  locomotive  boilers? 

A.  As  a  convenience  to  the  fireman  in  placing  coal 
where  wanted  on  the  grates,  permitting  one  side  of  the 
firebox  to  have  the  fire  at  its  highest  temperature  while 
coal  is  being  placed  on  the  grates  of  the  other  side  of  the 
firebox. 

Q.  6.     Describe  a  locomotive  firebox. 

A.  A  rectangular  or  square  shaped  box  set  in  the 
end  of  the  boiler  so  arranged  that  it  may  be  surrounded 
or  covered  with  water,  and  consists  of  a  crown  sheet, 
side  sheets,  door  and  flue  sheet  properly  secured  with 
flues  extending  from  flue  sheet  to  front  end,  a  door 
through  which  fire  may  be  supplied  with  fuel,  and  grates 
for  a  bottom  to  carry  the  fire  and  admit  air  for  com- 
bustion. 
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Q.  7.    To  what  strains  is  a  firebox  subjected? 

A.  Strains  of  expansion,  contraction  and  compression 
due  to  the  variations  of  temperature  and  the  pressure  of 
the  boiter  which  tends  to  crush  it. 

Q.  8.    How  are  the  sheets  of  a  firebox  supported? 

A.  Side  and  end  sheets  are  supported  by  stay-bolts 
screwed  and  riveted  through  both  inside  and  •  outside 
sheets.  Crown  sheet  by  crown  bars  with  ends  resting  on 
side  sheets  or  with  radical  stay-bolts  riveted  through 
crown  sheet  and  roof  sheet  of  boiler. 

Q.  9.     In  what  manner  is  a  crown  sheet  supported  ? 

A,  By  crown  bars  and  radical  stays ;  crown  bars  are 
connected  to  tHe  shell  of  the  boiler  by  sling  stays. 

Q.  10.     What  are  the  bad  features  about  crown  bars? 

A.  They  are  heavy,  expensive,  take  up  water  space 
and  make  it  difficult  to  keep  crown  sheet  free  from  mud 
and  scale  where  bad  water  is  used. 

Q.  II.  What  are  the  advantages  of  radical  stayed 
crown  sheets? 

A.  They  are  much  cheaper,  allow  more  water  over 
the  crown  sheet  and  permit  more  curve  in  the  crown 
sheet,  thus  facilitating  inspection  and  washing,  to  pre- 
vent the  formation  of  mud  and  scale  on  the  crown  sheets 

Q.  12.  How  are  the  inside  and  outside  sheets  of  fire- 
box secured  at  the  bottom  ? 

A.  They  are  secured  by  rivets  extending  through 
both  sheets  and  the  mud  ring  which  form  the  bottom  of 
the  water  space. 

Q.  13.     Describe  the  ash-pan  and  its  use. 

A.  An  iron  pan-shaped  box  or  receptacle  fitted  with 
dampers  or  slides  under  the  grates,  for  the  purpose  of 
catching  and  carrying  cinders  and  ashes  which  fall 
through  the  grates;  dampers  are  operated  from  the  ca^ 
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for  the  purpose  of  regulating    the    admission    of    air 
through  the  grates. 

Q.  14.    What  is  a  wagon  top  boiler? 

A.  A  boiler  with  the  firebox  end  larger  than  the 
cylindrical  part.  Boilers  v/ithbut  wagon  tops  are  called 
straight  boilers. 

Q.  15.     Why  are  boilers  provided  with  steam  domes? 

A.  To  provide  a  place  for  throttle  valve  and  pipes 
leading  to  steam  chests,  boiler  attachments,  whistle,  air 
pumps,  and  to  insure  the  use  of  dry  steam  as  far  as  pos- 
sible. 

Q.  16.  What  must  be  the  condition  of  a  boiler  in 
order  to  give  the  best  results? 

A.  Should  be  free  from  leaks  in  firebox  and  flues, 
flues  clean,  properly  drafted  and  the  inside  of  boiler 
free  from  scale  and  mud  to  insure  a  good  circulation  of 
water. 

Q.     17.     What  is  meant  by  "circulation"  in  a  boiler? 

A.  As  water  absorbs  heat,  it  becomes  lighter  and 
rises  to  the  surface  either  as  hot  water  or  steam,  the 
water  at  a  lower  temperature  coming  in  contact  with  the 
heated  surface  of  the  boiler,  taking  the  place  of  that 
evaporated,  producing  circulation. 

Q.  18.  What  would  be  the  effect  if  a  leg  of  the  fire- 
box became  filled  with  mud? 

A.  The  mud  would  prevent  the  water  from  coming 
in  contact  with  the  firebox  sheets,  there  would  be  no 
circulation  at  that  part,  and  the  mud  would  not  absorb 
the  heat.  The  effect  would  be  that  the  sheet  would  be- 
come overheated,  bulge  and  possibly  be  forced  off  the 
stay-bolts. 

.  19.    What  would  be  the  result  if  the  firebox  sheets 
e  overheated? 
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A.  They  would  be  forced  off  the  stay-bolts  by  the 
pressure  in  the  boiler  if  they  were  allowed  to  become 
hot  enough  to  pull  through  the  sheet. 

Q.  20.  Would  4t  be  advisable  to  put  water  on  to  a 
sheet  that  has  become  bare  and  red  hot? 

A.  It  would  not,  as  the  contraction  taking  place  sud- 
denly Would  be  liable  to  injure  the  sheets. 

Q.  21.  What  effect  has  the  stoppage  of  a  large  num- 
ber of  flues  ? 

A.  It  increases  the  coal  consumption,  decreases  the 
heating  surfaces  and  affects  the  burning  of  the  fire,  the 
steaming  and  efficiency  of  the  engine. 

Q.  22.  Why  are  boiler  checks  placed  so  far  away 
from  the  firebox? 

A.  That  the  feed  water  may  enter  the  boiler  as  far 
as  possible  from  the  heating  surface  and  become  heated 
to  a  higher  temperature  before  coming  in  contact  with 
the  hot  sheets  of  the  firebox. 

Q.  23.  What  part  of  a  locomotive  boiler  has  the 
greatest  pressure?    Why? 

A.  The  bottom  part  because  steam  is  elastic  and 
exerts  its  pressure  evenly  in  all  directions;  the  bottom 
of  the  boiler  having  to  support  the  weight  of  the  water 
in  addition  to  the  steam,  has  the  greatest  pressure. 

Q.  24.  What  is  the  advantage  of  the  extension  front 
end? 

A.  It  affords  more  room  for  the  arrangement  of  draft 
appliances  and  their  adjustment  and  a  larger  area  of 
opening  in  the  netting,  thus  preventing  liability  of  throw- 
ing fire. 

Q.  25.    What  is  the  object  of  hollow  stay-bolts? 

A.     To  admit  air  to  the  fire,  aid  combustion  and  deter* 
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breakage  of  bolts,  which  is  indicated  by  the  appearance 
of  steam  and  water  at  the  end  of  fractured  bolt. 

Q.  26.  What  will  cause  an  engine  to  tear  holes  in  her 
fire? 

A.  Too  sharp  an  exhaust,  fire  too  thin,  dirty  or  clink- 
ered,  working  engine  hard  with  dampers  closed. 

Q.   27.     Name  the  various   adjustable  appliances   in 
front  end,  by  which  the  fire  is  regulated. 
A,    The  exhaust-nozzle,  diaphragm  and  petticoat  pipe. 

Q.  28.  Explain  what  adjustments  can  be  made  and 
the  effect  of  each  adjustment  on  the  fire.    * 

A.  Exhaust-nozzle,  diaphragm,  petticoat  pipe  and 
sleeve.  Reducing  the  size  of  the  exhaust-nozzle  creates 
a  stronger  draft  and  increases  the  back  pressure  in  the 
cylinders,  therefore  the  diameter  of  exhaust-nozzle 
should  be  as  large  as  possible  consistent  with  steam 
making.  The  diaphragm  regulates  the  burning  of  the  fire 
on  the  grate,  and  the  draft  through  the  flues ;  raising  the 
diaphragm  causes  more  draft  through  the  top  flues  and 
on  the  fire  in  the  back  end  of  the  fire-box,  and  lowering  it 
causes  a  stronger  draft  on  the  lower  flues  and  in  front 
end  of  the  fire-box.  The  diaphragm  should  be  adjusted  to 
utilize  the  heating  surface  of  thfe  flues  and  to  burn  the 
fire  evenly  on  the  grate  surface. 

Then  if  the  engine  is  not  sharp  enough  on  her  fire, 
raising  the  lower  part  of  the  petticoat  pipe  above  the 
nozzle  or  lowering  the  top  part  of  the  pipe  or  sleeve 
from  the  base  of  the  stack  will  increase  the  draft  on 
the  fire.  Raising  the  sleeve  and  lowering  the  pipe  will 
decrease  the  draft  on  the  fire.  With  a  diamond  stack 
and  short  front  end  the  petticoat  pipe  is  used  to  regu- 
late the  draft  through  the  flues  and  on  the  fire,  in  the 
same  manner  as  the  diaphragm  in  the  extension  front 


SECOND   YEAR    EXAMINATIONS  395 

end.  Lowering  the  sleeve  increases  the  draft  through  the 
upper  flues  and  raising  the  sleeve  decreases  the  draft 
through  them.  Raising  the  pipe  increases  the  draft 
through  the  lower  flues  and  lowering  it  decreases  the 
draft  through  the  lower  flues  and  on  the  fire  in  front 
end  of  fire  box. 

Q.  29.  What  does  it  indicate  when  the  exhaust  issues 
strongest  from  one  side  of  the  stack  ? 

A.  It  indicates  that  the  exhaust-pipe,  petticoat-pipe 
and  stack  are  not  in  line  or  plumb  with  each  other  and 
the  engine  will  not  steam  properly. 

Q.  30.  What  is  the  effect  of  leaky  steam  pipe  joints 
inside  of  smoke  box? 

A.  The  partial  vacuum  formed  by  the  exhaust  steam 
passing  through  the  stack  will  be  destroyed  and  the 
engine  will  not  steam  when  working,  but  will  immedi- 
ately get  hot  when  throttle  is  closed.  If  the  leak  were 
great  enough  it  would  cause  a  failure  for  steam. 

Q.  31.    What  causes  a  pull  on  fire-box  door? 

A.  A  dirty  or  clinkered  fire,  dampers  closed,  or 
grates  without  sufficient  opening  for  the  admission  of 
air. 

Q.  32.  If,  upon  opening  the  fire-box,  you  discovered 
there  was  what  is  commonly  called  a  red  fire,  what  might 
be  the  cause? 

A.  A  dull  red  fire  when  the  engine  is  working  is  a 
sure  indication  of  a  leaky  steam  pipe  in  front  end. 

.  Q.  33.  Is  it  not  a  waste  of  fuel  to  open  fire-box  door 
to  prevent  pops  from  opening?  How  can  this  be  pre- 
vented more  economically? 

A.  It  is  a  waste  of  fuel  and  can  be  avoided  by  not 
placing  coal  in  the  fire-box  so  as  to  make  this  practice 
necessary.     It  can  be  prevented  more  economically  by 
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increasing  the  boiler  feed  or  using  the  injector  that  is 
not  working  as  a  heater  to  raise  the  temperature  of  the 
feed  water  in  the  tender,  thereby  saving  heat  units  that 
would  otherwise  be  wasted. 

Q.  34.  Describe  the  principle  upon  which  the  in- 
jectors work. 

A.  An  injector  works  qn  the  principle  of  induced 
currents.  A  current  of  any  kind  tends  to  induce  move- 
ment in  the  same  direction  of  any  body  with  which  it 
comes  in  contact.  Steam  enters  the  injector  at  a  high 
temperature  and  with  great  velocity,  coming  in  contact 
with  the  cold  water  which  condenses  the  steam  and  ab- 
sort>s  the  heat.  A  part  of  its  velocity  is  imparted  to  the 
water  giving  it  sufficient  energy  to  force  the  check-valve 
open  and  enter  the  boiler  against  high  pressure. 

Q.  35.  What  is  the  difference  between  a  lifting  and 
a  non-lifting  injector? 

A.  A  lifting  injector  is  one  set  above  the  water  sup- 
ply. Steam  entering  creates  a  vacuum,  and  the  atmos- 
pheric pressure  on  the  water  in  the  tender  forces  it  into 
the  injector,  whence  it  is  forced  into  the  boiler;  while 
a  non-lifting  injector  has  only  the  work  of  forcing  the 
water  into  the  boiler,  being  set  below  the  water  level  it 
is  always  filled  with  water. 

Q.  36.  Will  injector  work  with  a  leak  between  in- 
jector and  tank?    Why?    Will  it  prime? 

A.  Not  if  the  leak  is  above  the  water  line  and  suffi- 
ciently large  to  destroy  the  vacuum,  because  with. a  lift- 
ing injector  the  vacuum  is  formed  and  the  atmospheric 
pressure  forces  the  water  from  the  tank  to  the  injector ; 
when  the  leak  is  large  enough  to  destroy  this  vacuum 
the  injector  will  not  work  and  will  not  prime. 
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Q.  37.  If  it  primes  good  but  breaks  when  steam  is 
turned  on  wide,  where  would  you  look  for  the  trouble  ? 

A.  Would  look  for  obstruction  in  combining  tubes, 
branch-pipe  stopped  up,  bad  leak  in  the  water  connec- 
tions, check-valve  stuck  shut  or  stop  valve  on  check 
closed  if  engine  was  equipped  with  that  kind  of  a   check. 

Q.  38.  If  it  will  not  prime,  where  would  you  expect 
to  find  the  trouble  ? 

A.  Would  ascertain  if  had  water  in  tank.  Main 
steam  valve  might  be  closed,  primer  valve  disconnected, 
water  valve  closed  or  stopped  up,  tank  valve  discon- 
nected, closed,  bad  leak  in  siphon  pipe  or  strainer  stopped 
up. 

Q.  39.  Will  injector  prime  if  checks  leak  bad  or  are 
stuck  up?    If  injector  throttle  leaks  bad? 

A.  On  a  lifting  injector  these  leaks  will  prevent  the 
necessary  vacuum  from  being  formed,  and  prevent  the 
flow  of  water  to  a  non-lifting  injector. 

Q.  40.  If  steam  or  water  show  at  overflow  pipe  when 
injector  is  not  working,  how  do  you  tell  whether  the 
leak  is  from  check  or  injector  throttle? 

A.  If  steam  shows  at  the  overflow  pipe  of  the  in- 
jector when  the  injector  is  not  working,  it  is  the  throt- 
tle that  is  leaking.  If  water  and  steam,  it  is  the  check- 
valve. 

Q.  41.  Will  injector  prirne  if  primer  valves  leak? 
Will  it  prevent  its  working? 

A.  Injector  will  prime  and  it  will  not  prevent  its 
working. 

Q,  42.    Will  an  injector  work  if  air  cannot  get  into 
tank  as  fast  as  water  is  taken  out? 
A.     Not  for  long,  but  this  seldom  happens  and  only 
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in  cold  weather  where  man-hole  cover  is  frozen  down 
air-tight. 

Q.  43.  Will  an  injector  work  if  all  the  steam  is  not 
condensed  by  the  water  ? 

A.     It  will  not,  hence  the   reason  injector  fails  to 

work  when  the  water  is  too  hot  in  the  tender. 

* 

Q.  44.  If  you  had  to  take  down  the  tank  hose,  how 
would  you  stop  the  water  from  flowing  out  of  the  tank 
that  has  the  siphon  connection  instead  of  the  old  style 
tank  valves? 

A.  By  opening  the  small  cock  on  top  of  the  siphon 
or  taking  out  the  plug  provided  for  this  purpose. 

Q.  45.  Is  the  water  glass  safe  to  run  by,  if  the 
water  in  the  glass  is  not  moving  up  and  down  when 
the  engine  is  in  motion? 

A.  No,  it  is  not.  This  is  one  of  the  best  indications 
that  the  water  glass  is  stopped  up ;  I  would  always  prove 
the  water  level  by  the  use  of  gauge  cocks. 

Q.  46.  Is  any  more  water  used  when  an  engine 
foams  than  when  the  water  is  solid? 

A.  Yes;  when  the  water  is  foaming  in  a  boiler,  on 
account  of  the  water  not  being  solid,  small  particles  are 
carried  with  the  steam  into  the  cylinders,  consequently 
more  water  is  used  when  an  engine  is  foaming. 

Q.  47.  Describe  the  manner  in  which  a  sight-feed 
lubricator  operates. 

A.  After  the  lubricator  is  filled  with  oil  and  the 
steam  and  water  valves  are  opened,  steam  enters  the 
lubricator  and  is  condensed.  Water  being  heavier  than 
oil,  the  oil  rises  to  the  top  of  the  oil  reservoir  and  enters 
a  tube  or  pipe  leading  to  the  cavity  around  the  regulating 
feed-valve  under  the  sight  feed  glass  and  nipple. 

At  the  same  time  the  steam  in  the  condensing  chamber 
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condenses  until  the  level  of  the  water  in  the  condensing 
chamber  equals  the  height  of  the  top  of  the  equalizing 
tubes  and  water  flows  into  the  feed-glass  and  the  cham- 
ber above  it,  until  the  water  is  level  with  the  hole  in  the 
choke  plug.  Thus  the  pressure  of  steam  in  the  equaliz- 
ing tube  and  the  pressure  of  steam  in  the  main  reservoir 
of  the  lubricator  equalize,  and  the  height  of  the  water  in 
the  condensing  chamber  forms  a  pressure  on  the  oil  in 
the  oil  cavity  equal  to  its  weight  in  height  to  force  the 
oil  through  the  feed  valve  when  it  is  open,  and  the  buoy- 
ancy of  the  oil  (being  the  lighter)  causes  it  to  rise  to  the 
surface  of  the  water  in  the  chamber  above  the  sight- 
feed  glass  level  with  the  hole  in  the  choke  plug.  It  is 
then  carried  by  the  steam  that  enters  the  equalizing  tube 
through  the  choke  plug  to  the  steam  chest,  when  the 
pressure  on  the  lubricator  end  of  the  pipe  is  the  greatest. 

Q.  48.  Does  the  draft  from  an  open  cab-window 
affect  the  working  of  the  lubricator?     Why? 

A.  It  does.  Cold  air  strikes  the  lubricfator  and  chills 
the  oil,  which  causes  it  to  feed  irregularly. 

Q.  49.     What  else  might  cause  irregularity  of  feed? 

A.  Choke  plug  with  holes  too  large,  equalizing  tubes 
stopped  up,  or  dirt  in  the  lubricator. 

Q.  50.  If  a  lubricator  feeds* faster  when  throttle  is 
closed  than  open,  where  is  the  trouble  ? 

A.  In  the  choke  plugs.  The  action  of  the  steam 
wears  the  hole  in  the  choker  larger  and  the  equalization 
of  pressure  is  not  maintained  in  the  chamber  above  the 
sight  feed  glass  when  the  throttle  is  closed. 

Q.  51.  Will  any  bad  results  ensue  from  filling  a 
lubricator  full  with  cold  oil? 

A.  There  should  be  no  bad  results  from  filling  a 
lubricator  full  of  cold  oil.    Many  types  of  lubricators  are 
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provided  with  expansion  chambers  to  prevent  bulging, 
and  if  the  water  valve  is  opened,  the  expansion  of  oil 
would  simply  cause  it  to  back  up  into  the  condensing 
chamber. 

Q.  52.  If  sight-feeds  get  stopped  up,  how  would 
you  clean  them  out? 

A.  Much  depends  on  the  make  of  the  lubricator. 
Usually  by  closing  the  regulating  valves  on  the  other 
feeds  and  the  water  valve  between  the  condenser  and  the 
oil  reservoir.  Open  the  drain  cock  at  the  bottom  of 
reservoir.  Then  if  steam  valve  is  open  steam  will  blow 
through  the  equalizing  tube,  through  the  sight-feed  glass, 
through  the  nipple  into  the  oil  reservoir  and  out  the 
drain  cock,  carrying  the  obstructions  with  it ;  or  remove 
the  regulating  valve  and  run  a  small  wire  through  the 
nipple. 

Q.  53.     How  would  you  clean  out  chokers? 

A.  If  I  could  not  blo>y  out  the  obstruction  when  the 
lubricator  is  ^hut  off  and  throttle  drain  cock  and  reg- 
ulating valve  open,  would  disconnect  oil  pipe  from  lubri- 
cator and  clean  out  choke  with  a  small  wire  or  pin. 

Q. .  54.  Which  is  the  better  practice,  to  close  feed 
valves  or  water  valves  while  waiting  on  sidings? 

A.  The  feed  valves  always,  as  the  water  valve  may 
leak,  and  if  it  does  not,  the  supply  of  oil  to  the  air  pump 
will  be  cut  off. 

Q.  55.  How  can  you  tell  if  equalizing  tubes  become 
stopped  up  or  broken  ? 

A.  If  an  equalizing  tube  were  stopped  up,  the  pres- 
sure of  water  above  the  feed  glass  would  be  reduced; 
and  when  the  steam  chest  pressure  is  less  than  the 
boiler  pressure  or  when  throttle  is  closed,  boiler  pressure 
and  the  pressure'  of  water  in  the  condensing  chamber 
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would  force  the  oil  through  the  feed  valves  in  a  stream 
and  the  lubricator  would  feed  out  the  oil  very  quickly. 
If  the  equalizing  pipe  were  broken  off,  it  would  lower 
the  water  level  in  the  condensing  chamber  and  would 
be  detected  by  the  sluggish  manner  in  which  the  lubrica- 
tor would  work. 


AIR  BRAKE  QUESTIONS  AND  ANSWERS. 

Q.  I.  Can  you  tell  by  the  length  of  the  exhaust  of 
air  from  the  train  pipe,  about  how  many  air  brake  cars 
are  coupled  to  the  engine? 

A.  Yes,  the  longer  the  train  line  the  longer  the  ex- 
haust for  any  g^ven  reduction. 

Q.  2.  Does  this  give  the  number  of  brakes  that  set 
or  the  number  of  car  lengths  of  train  pipe  coupled  up? 

A.  Only  the  approximate  car  lengths  of  piping 
toupled  up. 

Q.  3.  What  is  the  difference  between  an  application 
tod  a  reduction  ? 

A.  From  the  time  the  brakes  are  applied  until  they 
are  released,  no  matter  how  many  reductions,  is  one 
application.  When  they  are  released  and  again  set,  it 
is  another  application. 

Q.  4.     How  should  a  terminal  test  be  made  ? 

A.  Beginning  at  the  rear,  the  brakeman  should 
couple  all  the  hose  and  open  all  the  angle  cocks  except 
the  one  at  the  rear,  see  that  all  the  cars  are  cut  in 
(except  such  as  are  marked  defective),  see  that  all  the 
hand  brakes  are  off,  and  the  retainers  open,  with  the 
handles  pointing  down.  The  engine  should  be  cut  in 
last.  While  the  engine  is  charging  the  cars,  the  brake- 
man  should  pass  along  the  train  and  inspect  it  care- 
fully to  ascertain  if  there  are  any  leaks.  In  charging  a 
train,  the  pump  should  be  run  according  to  the  weather, 
in  order  to  charge  the  train  reasonably  fast  without  over- 
heating it.     Where  there  are  average  leaks,  an  eight 
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inch  pump  should  charge  a  train  in  about  one-half  as 
many  minutes  as  there  are  cars ;  a  nine-and-one-half  inch 
pump  twice  as  quickly.  After  the  train  is  charged  and 
the  engineer  is  satisfied  that  it  is  reasonably  free  from 
leaks,  the  head  brakeman  (stationed  at  the  head  air 
brake  car)  should  signal  the  rear  brakeman  (stationed 
at  the  rear  air  brake  car)  who  should  repeat  the  signal. 
After  the  engineer  gets  the  signal  from  the  rear  man, 
he  should  apply  fifteen  to  eighteen  pounds  in  service 
application  and  place  the  engineer's  valve  on  lap.  The 
brakemen  should  now  walk  toward  each  other,  inspect- 
ing each  car,  to  see  that  it  sets  and  holds,  noting  the 
piston  travel  as  well.  After  this  has  been  done,  they 
should  signal  the  engineer  to  release.  Then  the  brake- 
men  should  pass  each  to  his  respective  end  of  the  air 
brake  cars  to  see  that  all  the  brakes  have  been  released, 
and,  in  winter,  see  that  no  shoes  are  frozen  to  the  wheels. 
The  head  brakeman  should  then  advise  the  engineer  as 
to  the  number  of  air  cars  that  are  in  good  working  order, 
and  the  tonnage  or  length  of  the  train. 

Q.  5.  With  two  or  more  engines  coupled  to  a  train, 
which  brake  valve  should  be  used  to  operate  the  brakes? 
Which  engineer  should  make  the  test  before  starting  ? 

A.  The  one  on  the  leading  engine.  The  leading  en- 
gineer. 

Q.  6.  Give  the  meaning  of  the  various  signals  made 
by  the  air  signal  whistle. 

A.  This  should  be  answered  in  accordance  with  the 
Code  of  Rules  of  the  railway  by  whom  you  are  em- 
ployed. 

Q.  7.  How  many  strokes  per  minute  should  an  air 
pump  be  run  to  g^ve  good  service  ? 
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A.    Aibout  one  complete   (up  and  down)   stroke  per 
second,  that  is,  60  per  niinute. 
Q.  8.     How  do  you  cut  out  a  disabled  brake? 

A.  With  the  old  style  triple  valve,  by  turning  the 
handle  on  the  valve  to  an  oblique  position,  midway  be- 
tween horizontal  and  vertical;  with  all  other  types  of 
triple  valves,  by  closing  the  cut-out  cock  in  the  branch 
pipe  of  the  particular  car  or  locomotive  brake  to  be  cut 
out. 

Q.  9.    How  do  you  operate  the  straight  air  brake? 

A.  By  placing  the  handle  of  the  brake  valve  forward 
in  application  position,  the  application  valve  is  opened 
admitting  air  from  the  main  reservoir  to  the  brake  cylin- 
ders ;  by  placing  the  handle  of  the  brake  valve  back  in 
release  position,  the  release  valve  is  opened  allowing  the 
air  in  the  brake  cylinders  to  flow  to  the  atmosphere.  Lap 
position  is  intermediate  between  these  two  extremes,  and 
in  lap  position  both  valves  are  closed. 

Q.  10.  Explain  the  passage  of  steam  from  the  boiler 
through  the  reducing  valve  to  the  steam  heat  train  pipe. 

A.  Most  of  them  operate  bv  the  balancing  of  a  spring 
as  against  the  train  pipe  steam  pressure  acting  upon  a 
diaphragm.  If  the  spring  be  set  at  any  given  pressure, 
fifty  pounds  for  instance,  steam  from  the  locomotive 
boiler  can  pass  through  the  valve  until  there  is  a  trifle 
more  than  fifty  pounds  acting  upon  the  diaphragpn ;  this 
overbalances  the  spring  and  closes  the  supply  until  the 
train  line  steam  pressure  falls  below  fifty  pounds. 

Q.  II.  K  the  steam  heat  gauge  shows  proper  pres- 
sure, but  the  train  pipe  pressure  appears  to  be  low,  what 
should  be  done? 

A.     See  that  the  throttle  is  opened,  then  increase  the 
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tension  of  the  spring  in  the  reducing  valve.  Sometimes 
the  inner  lining  of  old  steam  hose  gets  loose  and  shuts 
off  the  free  passage  of  steam  to  the  train,  or  the  rear 
steam  valve  on  the  train  may  have  been  left  open,  or- an 
end  valve  of  some  car  may  have  become  loosened  from 
its  stem. 
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A.  Should  one  of  the  front  tires  break  would  run 
that  wheel  on  to  a  wedge  until  it  was  about  in  normal 
position  or  high  enough  to  dear  the  rail  if  the  tire  still 
remained  on  the  wheel,  remove  the  oil  cellar  and  block 
between  the  bottom  of  the  driving  box  and  the  pedestal ; 


Figure    1'0&. 


Blocking   Broken   Tire   on   Front   Driver,    Mogul    Elx^ine. 
Illustrating  Question  82. 


Figure   106.     Blocking   Broken   Tire  on  Middle  Driver,   Mogul   Bngine. 

Illustrating  Question  82. 


Figure  107.     Blocking  Broken  Tire  on  Trailer,  Atlantic  Engine. 

Illustratinig  Question  82. 


then  cut  a  block  and  fit  in  place  of  the  oil  cellar  for  the 
journal  to  rest  on.  Now  block  between  the  top  of  the 
frame  and  spring  saddle  to  relieve  the  box  of  the  weight 
it  carries.  Cut  out  driver  brake,  and  if  rods  were  not 
damaged  would  proceed.     If  a  main  tire  should  break 
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and  no  other  damage  were  done  would  handle  in  same 
manner;  also  an  intermediate.  If  a  back  tire  and  the 
arrangement  of  the  spring  rigging  was  such  that  the 
equalizer  rests  on  top  of  the  back  driving  box  it  would 
not  be  possible  to  block  between  spring  saddle  and  frame. 
In  that  case  block  between  th^  back-end  of  spring  and 


Figure  108.     Blocking  Broken  Trailer  Spring. 
Illustrating  Question  8<2. 


Figure  109.     Blocking  Broken  Front  Tire,  Oonsolidation  Engine. 


Figure  110.     Blocking  Broken  Intermediate  Tire,  Consolidation  Engine. 

Illustrating  Question  82. 


lower  rail  of  frame,  so  the  frame  would  carry  the  load 
instead  of  the  box.  If  this  would  not  hold  engine  up,  I 
would  raise  up  back-end  of  engine  and  block  between 
main  driving  box  and  frame,  run  slow  and  carefully  over 
frogs  and  switches  and^take  no  chances  of  derailment. 
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For  trailer  tire  broken  I  would  run  wheel  up  on  wedge 
higher  than  the  thickness  of  tire,  take  out  the  cellar, 
and  block  between  the  bottom  of  journal  and  box ;  then 
block  between  bottom  of  box  and  pedestal,  and  block 
cross  equalizer  in  safety  hanger  or  chain  it  to  frame, 
place  a  tie  or  piece  of  rail  from  deck  of  engine  to  floor 
of  tank  and  chain  trailer  frame  to  it. 


Figure  111.     Blocking  Broken  Main  Tire,  Oonsolidatian  En^ne. 


Tigure  112.     Blocking  Broken  Back  Tire,  Consolidation  Engine. 

Illustrating  Question  82. 

When  trailer  wheel  is  blocked  up  in  this  manner  would 
exercise  care  in  going  around  curves  to  prevent  the  good 
trailer  wheel  from  dropping  off  the  rail.  Wedging  be- 
tween engine  and  tender  on  the  disabled  side  and  close 
to  the  draw-bar  would  have  a  tendency  to  crowd  the 
good  wheel  to  the  rail.  I  would  always  lubricate  the 
blocks  that  the  journals  rest  on  when  the  cellars  are  re- 
moved. 

Q.  83.  What*  is  a  good  method  of  raising  a  wheel 
when  jacks  are  not  available? 

A.  By  running  it  up  on  a  wedge  or  by  cutting  a  block 
the  proper  length  and  placing  it  at  an  angle  one  end 
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against  the  box  and  th-e  other  on  a  tie  and  move  the  en- 
gine slowly  until  the  block  is  perpendicular;  this  will 
raise  the  wheel  or  box. 

Q.  84.  How  can  it  be  known  whether  the  wedges 
are  set  up  too  tight;  and  the  driving  box  sticks,  and  in 
what  manner  can  they  be  pulled  down? 

A.  A  stuck  driving  box  can  be  detected  very  quickly 
by  the  manner  in  which  the  engine  rides,  and  if  run  for 
a  great  distance  the  box  will  get  hot  which  will  further 
increase  the  trouble.  They  can  be  pulled  down  by 
means  of  the  nut  and  screw  used  for  adjustment. 
Would  put  a  strain  on  the  wedge-boJt  by  tightening  the 
nut  under  the  pedestal  and  run  the  next  wheel  over  a 
coal  pick  or  piece  of  iron  which  would  jar  it  loose.  I 
would  not  run  the  wheel  with  the  stuck  box  over  a  nut 
or  piece  of  iron  as  that  would  pull  the  wedge  up  and 
tighten  the  box  more,  if  there  is  any  slack  in  the  head  of 
the  wedge  bolt.  While  running  the  wheel  next  to  it  on 
a  wedge  or  nut,  it  will  relieve  the  box.  Sometimes  a 
pail  of  water  thrown  on  the  hot-box  will  contract  it  and 
assist  in  getting  it  loose.  I  would  not  run  engine  with 
stuck  wedges  as  it  causes  flues  to  leak  and  loosens  up  all 
nuts,  joints  and  pipes  about  the  engine. 

Q.  85.  What  are  some  of  the  various  causes  for 
pounds  ? 

A.  Loose  pedestals,  wedges  not  properly  set  up,  rods 
not  keyed-up,  loose  pistons,  main-rods  too  long  or  too 
sbort,  follower  bolts  loose,  cylinders  loose  on  frames, 
broken  frames,  brasses  too  large  for  pins  and  journals, 
flat  spots  in  tires,  and  loose  counterbalance  blocks,  cross 
heads,  rocker  boxes,  etc. 

Q.  86.  How  can  a  pound  in  driving  boxes,  wedges  or 
rod  brasses  be  located? 
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A.  By  blocking  engine  or  quarter,  opening  throttle 
and  working  the  reverse  lever  from  full  forward  to  full 
back  gear,  the  lost  motion  in  rods,  wedges,  boxes  or 
other  parts  can  be  detected. 

Q.  87.  When  should  crossbeads  or  guides  be  reported 
to  be  lined  ? 

A.  When  they  are  worn  so  they  begin  to  pound  and 
there  is  room  to  insert  a  liner. 

Q.  88.  When  should  driving  box  wedges  be  reported 
to  be  lined? 

A.  When  they  are  up  as  far  as  they  can  go  and  db 
not  take  the  pound  out  of  the  box.  If  not  properly  fitted 
so  box  is  allowed  to  rock  they  should  be  repaired  when 
needed. 

Q.  89.  When  should  rod  brasses  be  reported  to  be 
filed  ?    To  be  lined  ? 

A.  Rod  brasses  should  be  reported  to  be  filed  when 
they  are  keyed  brass  to  brass  and  still  pound.  And  they 
should  be  reported  lined  or  to  have  keys  raised  when 
driving  the  key  will  not  bring  the  brasses  together. 

Q.  90.  When  should  lost  motion  between  engine  and 
tender  be  taken  up  ? 

A.  Whenever  it  is  necessary  to  prevent  unnecessary 
slack  between  engine  and  tender  and  to  keep  the  tender 
so  it  will  ride  good. 

Q.  91.     Describe  the  principle  on  which  an  injector 

works  ? 

A.  The  principle  of  the  injector's  action  is  that  of  in- 
duced currents;  under  a  given  pressure  the  velocity  of 
escaping  steam  is  about  nine  times  greater  than  that  of 
water  and  a  current  of  any  kind  has  a  tendency  to  induce 
a  movement  in  the  same  direction  of  any  body  that  it 
t>asses  or  comes  in  contact  with.     Therefore  the  steam 
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having  great  velocity  meeting  the  water  in  the  injector 
induces  its  movement  and  forces  the  water  into  the 
boiler,  gives  up  its  heat  and  performs  mechanical  work 
as  though  it  acted  on  a  piston  and  moved  a  pump 
plunger  along  with  it.  When  the  primer  or  steam  valve 
is  opened  on  a  lifting  injector  steam  is  permitted  to  flow 
out  through  the  overflow  to  the  atmosphere  and  carries 
some  of  the  air  from  the  supply  pipe  producing  a  partial 
vacuum  there.  When  sufficient  vacuum  is  formed  the 
atmospheric  pressure  on  the  water  in  the  tender*  forces 
the  water  up  to  the  injector  and  out  at  the  overflow. 
When  the  injector  throttle  is  opened  steam  is  permitted 
to  pass  through  the  injector  in  a  much  larger  volume  and 
coming  in  contact  with  the  water  which  is  flowing 
around  the  nozzle  forces  the  water  with  increased  veloc- 
ity into  the  combining  tube  where  the  steam  is  con- 
densed and  forces  the  water  into  the  boiler. 

Q.  92.  What  is  generally  the  cause  of  failure  of  the 
second  injector  and  wliat  should  be  done  to  obviate  this 
failure  ? 

A.  The  failure  of  the  second  injector  is  generally  due 
to  its  not  being  used  often  enough  to  keep  it  in  good 
working  order.  To  obviate  this  would  work  it  part  of 
the  time  during  each  trip  and  know  that  I  could  rely  on 
it  in  case  the  other  injector  failed. 

Q.  93.  What  are  the  advantages  of  the  combination 
boiler  check? 

A.  By  the  use  of  a  combination  check  and  stop  valve, 
the  valve  may  be  closed  in  the  event  of  the  chedc  stick- 
ing up  or  leaking  and  the  check  removed,  ground  in,  or 
repaired  without  letting  the  steam  ofi^  the  boiler.  It  also 
reduces  failures  due  to  stuck  checks. 

Q.  94.  If  the  injector  stops  working  out  on  the  road, 
what  should  be  done? 
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A.  Start  the  other  injector  immediately  and  use  it  to 
supply  boiler  until  the  trouble  with  the  defective  injector 
can  be  ascertained.  Would  know  sufficient  water  was  in 
the  tank  and  tank  valve  open  and  all  joints  in  feed  pipe 
connections  tight,  hose  and  strainer  free  and  that  the 
main  throttle  on  injector  was  open  permitting  a  sufficient 
quantity  of  steam  to  reach  the  injector  to  insure  its 
proper  working,  then  make  sure  that  the  combination 
stop  and  check  were  open  or  that  there  was  a  hole  in 
the  boiler  for  the  water  to  be  forced  through.  If  the 
injector  did  not  work,  would  examine  tubes  and  ascer- 
tain if  they  were  obstructed. 

Q.  95.  How  can  a  disconnected  tank  valve  be  opened 
without  stopping? 

A.  It  may  be  opened  by  blowing  steam  back  through 
the  feed-pipe  thereby  blowing  the  valve  out  of  its  place. 
This  depends  on  the  construction  of  the  tank  valve  and 
care  must  <be  exercised  to  prevent  blowing  off  water  hose. 

Q.  96.  How  does  the  steam  heat  reducing-valve  con- 
trol the  pressure? 

A.  The  steam  heat  reducing-valve  controls  the  pres- 
sure of  steam  to  the  heating  system  similar  to  the  man- 
ner in  which  the  governor  on  an  air-pump  controls  the 
flow  or  pressure  of  steam  to  the  air-puimp,  by  means  of 
a  diaphragm  held  in  position  by  a  spring,  to  which  is 
connected  directly  the  valve  that  regulates  the  admission 
of  steam  from  the  boiler  to  the  train-pipe.  The  tension 
of  the  spring  is  regulated  for  the  desired  pressure  by  in- 
creasing or  decreasing  it.  When  the  tension  of  the 
spring  is  greater  than  the  steam  pressure  the  diaphragm 
and  valve  are  forced  down  opening  the  valve  and  allow- 
ing the  steam  to  flow  into  the  train-pipe  until  the  pres- 
sure of  the  steam  is  greater  than  the  resistance  of  the 
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spring  when  the  steam  forces  the  diaphragm  up  and 
closes  the  valve  until  the  pressure  falls  below  the  resist- 
ance of  the  spring  when  it  is  again  opened  by  the  dia- 
phragm and  spring  forcing  the  valve  off  its  seat.  The 
more  tension  put  on  the  spring  the  higher  the  pressure 
will  be  in  the  steam-pipe. 

Q.  97.  If  steam  heat  gauge  showed  the  required  pres- 
sure and  cars  were  not  being  heated  properly,  how 
should  one  proceed  to  locate  the  trouble? 

A.  Would  open  steam-valve  at  rear  of  tender  and 
make  sure  there  was  no  obstruction  in  the  pipes  from 
the  reducing-valve  to  rear  end  of  tender  and  that  the 
steam-pipes  were  not  covered  with  water  on  back  of  ten- 
der. Would  open  all  valves  on  train-line  until  the  rear 
valve  was  reached,  blow  out  train-line  and  nearly  close 
valve  on  rear  end  of  last  car,  then  open  drip  valves  to 
let  condensation  out  of  heating  coils. 

Q.  98.    What  constitutes  the  abuse  of  an  engine? 

A.  Working  an  engine  harder  than  necessary  to 
handle  train  properly  and  make  time.  Slipping  engine, 
working  water  through  valves  and  cylinders,  poor  pump- 
ing, careless  firing  that  will  cause  flues  to  leak,  running 
engine  with  wedges  down  and  rods  pounding,  sand  run- 
ning on  one  side  only,  improper  lubrication  or  generally 
neglecting  to  care  for  engine  properly. 

Q.  99.  How  are  accidents  and  break-downs  best  pre- 
vented? 

A.  By  being  careful  in  handling  engine  and  train  and 
by  proper  inspection  and  keeping  awake  and  attending 
strictly  to  business  while  out  on  the  road. 

Q.  100.  What  are  the  duties  of  an  engineman  when 
giving  up  his  engine  at  the  terminal? 

A.    To  thoroughly  inspect  engine  and  close  all  feeds 
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on  oil  cups  and  lubricators  to  prevent  waste  of  oil,  and 
report  necessary  work  to  be  done  to  fit  engine  for  next 
trip. 

Q.  loi.  In  what  manner  should  an  engine  be  in- 
spected on  arrival  at  terminal? 

A.  When  engine  arrives  at  round-house  or  receiving 
track,  the  fire-box  should  be  examined  for  leaky  flues, 
stay  or  crown-bolts,  and  the  boiler  should  be  left  reason- 
ably full  of  water.  Would  begin  at  back  driver  when  I 
struck  the  ground  and  note  the  temperature  of  all  bear- 
ings, examine  tires,  wheels,  eccentrics,  wedge  bolts, 
pedestal  bolts,  cellar  bolts,  springs,  equalizers,  and  spring 
rigging,  rocker  boxes,  tires  and  wheels,  all  safety  appli- 
ances on  front  and  back  end  of  engine  and  tender.  Would 
proceed  around  the  pilot  and  back  to  the  rear  of  tank, 
note  that  wheels,  springs,  brake-beams,  shores  and  hang- 
ers were  all  right  and  see  that  ash-pan  and  screen- 
dampers  were  O.  K.,  and  look  engine  over  very  care- 
fully until  I  reached  the  point  where  I  commenced  inspec- 
tion ;  if  any  bolts  or  nuts  were  loose  wotdd  tighten  same 
and  report  any  other  defects  that  were  necessary. 

Q.  I02.  In  reporting  work  on  any  wheel  or  truck  on 
engine  or  tender  how  should  they  be  designated? 

A.  Designated  by  number  beginning  with  first  wheel 
behind  the  pilot,  as  engine  truck  number  one,  or  engine 
truck  number  two,  right  or  left,  using  same  method  on 
tender  unless  the  road  had  a  different  system  of  number- 
ing wheels.  This  would  not  include  drivers.  They 
should  be  designated  as  R-front  driver,  L-main  driver, 
R-intermediate,  etc. 

Q.  103.  In  reporting  work  on  an  engine  is  it  sufficient 
to  do  it  in  a  general  way,  such  as  saying  an  injector 
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won't  work?     Lubricator   won't  work?     Pump  won't 
work?    Engine  won't  steam?    Engine  blows,  etc.? 

A.  No,  work  should  be  intelligently  reported  to  enable 
the  machinist  or  foreman  to  locate  the  defect  quickly  and 
an  explanation  given  on  the  work  report  which  would 
insure  the  defect  being  repairedL 
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LUBRICATION. 

(Question  i.  What  produces  friction  and  what  is  the 
result  of  excessive  friction  ? 

Answer.  The  movement  of  one  body  over  another  on 
the  surface  which  it  moves  and  the  roughness  of  the  sur- 
faces in  contact,  the  nature  of  the  bodies  and  the  pressure 
holding  them  together.  The  result  of  friction  is  that 
energy  must  be  expended  to  overcome  it  and  heat  is 
produced. 

Q.  2.    What  is  lubrication  and  its  objects? 

A.  Lubrication  is  the  introducing  of  oils  or  other 
lubricants  between  two  surfaces,  which  serves  to  keep  the 
bearings  separated  and  reduce  the  friction  and  resistance. 

Q.  3.  What  examination  should  be  made  by  an  engi- 
neer to  insure  successful  Imbrication  ? 

A.  He  should  examine  all  oil-holes,  know  they  are 
open  and  that  all  bearings  show  signs  of  being  properly 
lubricated  and  that  the  oil  reaches  the  bearings  intended. 
He  should  know  that  the  sponging  in  truck  'boxes  and 
cellars  is  in  contact  with  the  journals  and  the  waste  on 
top  of  driving  boxes  has  not  been  disturbed  to  allow  grit 
or  (Jirt  to  get  to  the  bearings.  If  Elwin  Automatic  Lu- 
bricators are  used  in  driving  box  cell'ars  see  that  the 
indicators  show  there  is  sufficient  grease  to  make  the  trip 
and  that  the  follower  in  the  cellar  is  free  to  force  the 
grease  through  the  holes  in  the  perforated  plate  and  that 
the  plugs  are  screwed  down  in  the  rod  grease-cups  to 
insure  the  pins  running  cool,  if  grease  is  used  on  pins. 

Q.  4.    How  should  feeders  of  oil  cups  be  adjusted? 

454 
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A.  They  should  be  adjusted  to  feed  oil  positively  and 
just  enough  to  lubricate  the  bearings  properly. 

Q.  5.  Why  is  it  bad  practice  to  keep  engine  oil  close 
to  a  boiler  in  warm  weather? 

A.  Because  it  increases  the  temperature  of  the  oil 
and  makes  it  much  thinner,  which  brings  it  that  much 
nearer  the  flashing  point,  and  the  nearer  the  oil  is  to  the 
flashing  point,  the  less  are  its  lubricating  qualities. 

Q.  6.  In  What  manner  would  you  care  for  hot  bear- 
ings when  discovered  on  the  road? 

A.  Would  cool  them  off  and  see  they  were  properly 
packed  and  lu)bricated  before  starting  again.  If  it  was 
a  hot  driving  box  would  rellieve  it  of  part  of  its  load  by 
placing  a  block  between  spring  saddle  and  frame  if 
necessary. 

Q.  7.  What  kind  of  oil  should  be  used  on  hot  bear- 
ings? 

A.  If  the  bearing  was  too  hot  to  be  lubricated  with 
engine  oil  would  use  valve  oil  until  it  would  run  cool. 

Q.  8.    At  completion  of  trip  what  is  necessary  ? 

A.  To  get  the  running  temperature  of  the  bearings 
and  examine  the  sponging  in  the  boxes  and  cellars  or 
satisfy  myself  that  the  bearings  and  packing  are  all  right. 

Q.  9.  How  would  you  determine  What  boxes  to  report 
"examined?"    Why  not  report  all  boxes  examined? 

A.  Determine  boxes  to  be  examined  by  their  high 
tem»perature  and  the  condition  of  sponging  and  brass. 
Would  not  report  all  boxes  because  the  box  that  was 
running  cool  could  not  be  improved  on  and  it  would  only 
mean  expense  and  loss  of  oil  to  the  company. 

Q.  10.  Why  is  it  bad  practice  to  disturb  the  packing 
on  top  of  driving  and  engine  truck  boxes  with  spout  of 
oil-can  when  oiling  engine?  ^ 
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A.  It  allows  the  dirt  and  grit  to  be  carried  down  to 
the  bearing  with  the  oil,  increases  the  friction  and  pro- 
duces a  4iot  bearing. 

Q.  II.  How  do  you  adjust  grease-cups  as  applied  to 
rods? 

A.  Loosen  jamb-nut  and  screw  down  on  the  plug  un- 
til the  pressure  of  the  plug,  on  the  grease  forces  it  to 
the  bearing.  Just  put  pressure  enough  on  the  grease  to 
meet  the  requirements  of  the  service. 

Q.  12.  Is  it  usual  for  pins  to  run  warmer  when  using 
grease  ? 

A.  Yes,  the  friction  of  the  grease  on  the  pins  will 
cause  them  to  run  at  a  higher  temperature  than  when  oil 
is  used.  This  is  due  to  the  difference  in  the  friction  of 
fluids  and  solids,  the  grease  being  a  solid  creates  greater 
friction  on  the  pins. 

Q.  13.    What  effect  does  too  much  pressure  produce? 

A.  It  produces  increased  friction  and  a  waste  of 
grease.  Therefore  it  is  best  to  screw  down  on  the  grease- 
cups  just  "before  leaving  on  a  trip  so  the  stored  up  energy 
of  the  grease  will  not  be  expended  before  leaving  the 
terminal  and  a  supply  of  grease  will  be  insured  to  the 
bearing. 

Q.  14.  Is  it  necessary  to  use  oil  with  grease  on 
crank-pins  ? 

A.  No,  it  is  not;  grease  will  only  be  softened  by  the 
use  of  oil  or  water  and  is  not  necessary,  but  would  be  a 
waste  of  lubricant. 

Q.  15.  Why  should  engine  oil  not  be  used  on  valves 
or  cylinders? 

A.  Because  it  has  a  low  flashing  temperature  and  is 
not  a  good  lubricant  for  hot  surfaces,  it  bums  on  the 
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Steam  passages,  packing  rings  and  valve  strips,  causing 
them  to  gum  and  stick. 

Q.  1 6.  At  what  temperature  does  engine  oil  lose  its 
lufbricating  qualities?    Valve  oil? 

A.  At  its  flashing  point,  which  is  about  385  degrees 
for  engine  oil  and  600  to  650  degrees  for  valve  oil. 

Q.  17.  How  and  by  what  means  are  valves,  cylinders 
and  air-pumps  lubricated  ? 

A.  By  the  use  of  valve  oil  fed  to  the  steam  chests  and 
cylinders  by  means  of  lubricators  either  hydrostatic  or 
force-feed;  occasionally  graphite  is  used  with  cups  pro- 
vided for  introducing  it  to  the  cylinders  and  valve  sur- 
•  faces. 

Q.  18.    How  should  the  lubricator  be  filled? 

A.  First  see  that  the  cup  is  clean  and  free  from  any 
foreign  matter  likely  to  clog  up  any  of  the  openings  or 
lodge  on  the  seats  of  the  valves  and  prevent  their  closing. 
If  the  cup  were  dirty  would  blow  steam  through  it  be- 
fore filling.  Would  fill  the  cup  full  of  clean  oil  if  had 
oil  enough.  If  not  would  fill  the  balance  with  clear 
water,  open  water  valve  and  steam  valve  wide  open. 
When  the  sight- feed  glasses  and  condenser  were  filled 
with  water  would  open  feed  valves  to  regelate  the  supply 
of  oil  to  the  cylinders. 

Q.  19.    After  filling  lubricator  what  should  be  done? 

A.  Open  water  valve  and  steam  valve  until  water 
filled  the  condensing  chamber  and  sight-feed  glasses. 

Q.  20.  How  long  before  leaving  terminals  should  the 
feed  valves  be  opened? 

A.  Depending  on  the  service  and  the  profile  of  the 
road,  just  long  enough  to  have  the  valve  seats  and  cyl- 
inder walls  lubricated. 

Q.  21.    How  many  drops  should  be  fed  per  minute? 
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A.  According  to  the  size  of  the  tirop  and  the  speed. 
Usually  from  4  to  8  to  the  cylinders  and  one  per  minute 
to  the  air-^ump  will  be  sufficient. 

Q.  22,  Why  is  it  bad  practice  to  carry  water  too  high 
in  the  boiler? 

A.  Because  the  steam  is  wet  and  destroys  the  lubri- 
cation and  is  less  effective  than  dry  steam;  also  uses 
more  water  on  account  of  the  water  being  carried  to  the 
cylinders  with  the  steam  instead  of  being  evaporated  in 
the  boiler,  requires  more  water  to  be  supplied  to  the 
boiler  at  a  lower  temperature,  and  .an  increased  fuel  con- 
sumption. 

Q.  23.  When  valves  appear  dry  when  using  steam, 
and  lubricator  is  working  all  right,  what  would  you  do 
to  relieve  conditions? 

A.  This  is  an  indication  of  a  hold-up  of  oil  in  the 
oil-pipe  due  to  the  steam-chest  pressure  being  greater 
than  the  lubricator  pressure.  Would  ease  off  or  partly 
close  the  throttle  and  drop  lever  into  full  gear;  this 
would  reduce  the  steam  chest  pressure  and  allow  the  oil 
and  water  in  the  oil-pipes  to  reach  the  valve  seats  ano 
cylinders. 
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AIR  BRAKE  QUESTIONS  AND  ANSWERS. 

[the  air  pump.] 

Question  i.  Explain  how  an  air  pump  should  be 
started  an-d  run  on  the  road. 

Answer.  It  should  be  started  slowly  to  permit  the  con- 
densation to  be  drained  off.  The  lubricator  should  be  start- 
ed carefully  and  the  pump  worked  slowly  until  about  forty 
pounds  has  been  accumulated  in  the  main  reservoir  to 
cushion  the  steam  and  air  piston  of  the  pump.  Then  the 
throttle  should  be  opened  wider,  giving  a  speed  of  albout 
one  hundred  and  thirty  or  one  hundred  and  forty  single 
strokes  per  minute.  The  amount  of  work  being  done 
really  governs  the  speed  of  the  pump. 

Q.  2.    How  should  the  steam  end  be  oiled  ? 

A.  By  the  sight-feed  lubricator,  with  a  good  quality 
of  valve  oil,  and  at  the  rate  of  about  one  drop  per  min- 
ute. This  amount  will  vary  with  the  condition  of  pump 
and  the  work  being  done. 

Q.  3.  How  should  the  air  end  of  the  pump  be  oiled, 
and  what  kind  of  oil  used? 

A.  High-grade  valve  oil,  containing  good  lubricating 
qualities  and  no  sediment,  sihould  be  used.  A  good  swab 
on  the  piston  rod  will  help  out  a  great  deal.  Oil  should 
be  used  in  the  air  cylinder  of  the  pump  sparingly,  but 
continuously,  and  it  should  be  introduced  on  the  down 
stroke,  when  the  pump  is  running  slowly,  through  the 
little  cup  provided  for  that  purpose,  and  not  through  the 
air  suction  valves.  An  automatic  oil  cup,  such  as  has  re- 
cently come  into  practice,  is  preferable  to  hand  oiling. 
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Q.  4.    Explain  the  c^eration  of  the  steam  end  of  the 
pump — on  an  up-stroke;  on  a  down-stroke. 

A.  When  first  admitting  steam  to  the  9J/2-inch  pump, 
if  the  main  piston  is  at  the  bottom  of  the  cylinder  (as  it 
usually  is,  due  to  gravity),  the  main  valve  moves  to  the 
right  hand  position,  pulling  with  it  the  side  valve  and 
thus  admitting  steam  to  bottom  of  the  cylinder  under  the 
piston,  forcing  it  up;  when  the  main  piston  is  nearly  at 
the  top  of  the  stroke,  the  reversing  plate  catches  the 
shoulder  on  the  reversing-valve  rod,  moving  the  revers- 
ing rod  and  valve  to  their  upper  positions,  where  it  ad- 
mits behind  the  large  head  of  the  main  valve,  forcing 
this  main  valve  over  to  the  left,  carrying  with  it  the 
slide  valve  which  admits  steam  to  the  top  end  of  the 
cylinder  and  at  the  same  time  exhausts  it  from  the  bot- 
tom end,  thereby  reversing  the  stroke  of  the  pump. 

Q.  5.  Explain  the  operation  of  the  air  end  of  the 
pump  on  an  up-stroke ;  on  a  down-stroke. 

A.  The  air  piston  is  directly  connected  with  the  steam 
piston,  and  any  movement  of  the  steam  piston  will  con- 
sequently be  transmitted  to  the  air  piston.  When  the 
steam  piston  moves  up  the  air  piston  will,  of  course,  go 
with  it,  thus  leaving  an  empty  space  or  a  vacuum  in  the 
lower  end  of  the  air  cylinder,  underneath  the  air  piston. 
Atmospheric  air  rushes  through  the  air  inlet,  raising  the 
lower  receiving  valve,  and  filling  the  bottom  end  of  the 
cylinder  with  atmospheric  pressure.  At  the  same  time 
the  air  above  the  air  piston  will  be  compressed.  The 
pressure  thus  formed  holds  the  upper  receiving  valve 
to  its  seat  and  when  a  little  greater  than  the  air  in  the 
main  reservoir,  the  upper  discharge  valve  will  lift  and 
allow  the  compressed  air  to  flow  into  the  main  reservoir. 
When  the  piston  reaches  the  top  of  the  stroke  its  motion 
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IS  reversed,  and  on  the  down  stroke  the  vacuum  in  the 
upper  end  of  the  air  cylinder  is  supplied  by  atmospheric 
pressure  passing  throu^gh  the  upper  receiving  valve. 
The  main  reservoir  pressure  is  held  by  the  upper  dis- 
charge valve,  and  the  air  being  compressed  in  the  bot- 
tom of  the  cylinder  holds  the  bottom  receiving  valve 
to  its  seat,  and  when  compressed  sufficiently,  forces  the 
lower  discharge  valve  open  and  passes  to  the  main  res- 
ervoir. 

Q.  6.    Give  some  of  the  causes  of  a  pump  running  hot. 

A.  First,  air  cylinder  padcing  rings  leaking.  Second, 
discharge  valves  stuck  closed  or  the  discharge  passages 
so  obstructed  that  the  pump  will  be  pumping  against  high 
pressure  continually.  Tkird,  poor  lubrication.  Fourth, 
high  speed.  Fifth,  discharge  or  receiving  air  valves 
leaking.     Sixth,  air  piston  rod  packing  leaking. 

Q.  7.  If  a  pump  runs  very  hot  on  the  road,  how  will 
you  proceed  to  cool  it? 

A.  First,  reduce  the  spee(J  of  the  pump,  and  look  for 
leaks  in  the  train  line.  Second,  make  sure  that  the  pack- 
ing around  the  piston  rod  is  not  too  tight  and  in  bad 
condition.  Third,  see  that  the  main  reservoir  is  properly 
drained.  If  the  pump  still  runs  hot  it  should  be  reported 
at  the  end  of  the  trip. 

Q.  8.  If  the  pump  stops,  how  can  you  tell  whether 
the  trouble  is  in  the  pump  or  in  the  governor  ? 

A.  It  may  be  tested  by  opening  the  drain  cock  in  the 
steam  passage  at  the  pump,  and  noting  whether  there  is 
a  free  flow  of  steam ;  if  so  there  is  a  free  passage  through 
the  governor  and  the  trouble  is  not  there. 

Q.  9.    State  the  common  causes  for  the  pump  stopping. 

A.  There  are  several  reasons.  First,  it  may  be 
stopped  by  the  governor  being  out  of  order.    Second,  the 
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valves  may  be  dry  and  need  lubrication.  Third,  nuts  may 
be  loose  or  broken  on  the  piston  rod  or  one  of  the  pistons 
pulled  off.  Fourth,  the  reversing  valve  rod  may  be 
broken,  or  bent,  or  the  reversing  plate  may  be  loose,  or 
the  shoulder  on  the  reversing  valve  rod  or  on  the  revers- 
ing plate  may  be  so  badly  worn  as  not  to  catch  and  per- 
form their  proper  functions.  Fifth,  nuts  holding  the 
main  valve  piston  may  be  loose  or  broken  off.  Sixth,  ex- 
cessive blow  past  the  packing  rings  of  the  main  valve. 

Q.  ID.  Under  what  circumstances  will  a  pump  com- 
press air  in  but  one  direction  ? 

A.  With  either  discharge  valve  broken  and  held  off 
its  seat. 

Q.  II.  How  will  defective  air  valves  affect  the  opera- 
tion of  the  pump  ? 

A.  Leaky  air  valves,  like  leaky  air  cylinder  packing, 
cause  a  pump  to  heat  badly  and  lose  greatly  in  the 
amount  of  air  compressed.  A  broken  air  valve  causes 
the  loss  of  all  service  of  compression  at  that  end  of  the 
pump,  that  is,  makes  it  single  instead  of  double  acting. 
See  also  Answer  6. 

Q.  12.    How  do  you  locate  these  defects? 

A.  By  the  way  the  pump  acts.  The  main  piston 
moves  quickly  toward  a  broken  receiving  valve  and  away 
from  a  broken  discharge  valve.  The  various  defects  all 
have  their  symptoms,  which  are  noticed  if  the  principle 
of  the  pump  and  its  details  are  clearly  understood. 

Q.  13.  Should  an  engineman  observe  the  working  of 
a  pump  on  the  road  so  as  to  properly  report  defects  or 
repairs  needed,  and  do  you  consider  yourself  comx)etent 
to  locate  defects? 

A.     Yes. 
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Q.  14.  If  the  pun7p  stops  on  the  road,  what  will  you 
do  to  start  it? 

A.  I  would  close  the  steam  valve  a  moment  and  then 
open  it  quickly.  If  it  then  failed  to  start,  it  would  indi- 
cate that  the  main  valve  was  troken.  I  would  also  ex- 
amine it  in  both  air  and  steam  end  for  defects.  Be  sure, 
first,  that  the  governor  is  not  defective  or  has  not  shut 
off  the  supply  of  steam  to  the  pump. 

THE  DUPLEX  AIR  PUMP. 

[the  new  YORK  AIR-BRAKE  SYSTEM.] 

Q.  I.  Describe  the  New  York  Duplex  Air  Pump  and 
its  operation  in  the  steam  end. 

A.  It  has  four  cylinders — two  steam  and  two  air ;  one 
air  cylinder  is  double  the  area  of  any  one  of  the  other 
three,  which  are  all  the  same  size.  The  steam  end  is  du- 
plex, and  the  piston  in  each  steam  cylinder  operates  the 
slide  valve  which  controls  the  flow  of  steam  from  the 
boiler  into  the  opposite  steam  cylinder  and  out  to  the 
atmosphere.  This  is  done  by  locating  the  slide  valve 
for  the  right  cylinder  under  the  left  cylinder,  and  for  the 
left  cylinder,  under  the  right  one,  and  cross  the  steam 
ports  from  the  left  valve  to  the  right  cylinder  and  from 
the  right  valve  to  the  left  cylinder.  The  valves  are  D 
slide  valves  which  admit  steam  to  the  cylinder  by  the 
outside  edge  of  the  valve  and  exhaust  through  a  cavity 
in  the  center.  The  seat  has  three  ports,  two  steam  with 
the  exhaust  port  between  them.  A  reversing  valve  rod  is 
attached  to  the  steam  valve  and  extends  into  the  steam 
cylinder ;  the  main  piston  rod  is  drilled  to  clear  this  valve 
rod  within  it  and  a  plate  is  bolted  on  to  the  steam  piston 
in  such  a  manner  as  to  strike  a  shoulder  on  the  valve  rod 
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just  before  the  stroke  of  the  piston  in  either  direction  is 
completed,  changing  the  steam  valve  to  the  opposite  po- 
sition in  the  steam  chest.  Both  steam  valves  being  down, 
wihen  steam  is  turned  on  the  right  piston  makes  a  stroke 
up  and  at  the  completion  of  the  stroke  changes  its  steam 
valve,  causing  the  left  piston  to  make  a  stroke  up,  chang- 
ing its  steam  valve  at  the  completion  of  the  stroke,  and 
causing  the  right  piston  to  move  down,  etc.  The  steam 
cylinders  are  the  two  bottom  cylinders. 

Q.  2.    Describe  the  operation  of  the  air  end. 

A.  The  large  piston  compresses  air  into  the  smaller 
cylinder  and  then  the  latter  compresses  it  into  the  main 
reservoir. 

Q.  3.  Is  tshis  a  compound  pump  in  both  steam  and  air 
ends,  or  in  the  air  end  only  ? 

A.    Onlv  in  the  air  end. 

Q.  4.  What  defects  in  the  steam  end  will  stop  the 
pump?    How  do  you  locate  them? 

A.  Chiefly  the  reversing-  apparatus — the  reversing 
plates  and  rods.  Would  investigate  until  the  trouble  was 
found,  bearing  in  mind  the  main  valve  for  one  cylinder 
regulates  the  steam  in  the  other. 

Q.  5.  What  defects  in  the  air  end  will  stpp  the  pump? 
How  do  you  locate  them  ? 

A.  Generally  broken  piston  rods  or  loose  nuts. 
Broken  or  defective  valves  cause  the  pump  to  go  "lame," 
but  seldom  stop  the  pump  unless  broken  parts  get  into 
the  cylinder.  Remove  the  top  heads  to  get  at  the  air 
cylinders  and  examine  the  valves  through  their  caps. 

Q.  6.  Explain  how  you  will  locate  a  blow  of  steam 
by  the  piston  or  main  steam  valves. 

A.  It  is  difficult  to  distinguish  between  leaky  packing 
rings,  leaky  slide  valves  and  worn  cylinder.    These  parts 
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should  be  removed  and  examined  carefully  when  there  is 
a  bad  blow. 

Q.  7.  What  is  the  cause  of  the  pump  not  exhausting 
square  or  working  lame? 

A.  Any  one  or  more  of  the  air  valves  stuck  or  broken 
or  if  they  have  much  different  "lift." 

O.  8.  What  is  the  effect  of  leaky  piston  rod  packing 
in  the  high  pressure  air  cylinder? 

A.  Any  defective  or  leakage  in  the  smaller  or  high- 
pressure  cylinder  is  more  serious  than  in  the  low-pressure 
cylinder  because  the  pressure  in  the  former  is  so  much 
higher  that  the  consequent  loss  is  greater.  This  loss  of 
compressed  air  to  the  atmosphere  will  cause  the  pump  to 
run  faster  in  order  to  maintain  the  same  pressure. 

Q.  9.  What  is  the  effect  of  leaky  piston  rod  packing 
in  the  steam  cylinders? 

A.  A  waste  of  steam,  obstructing  the  vision  in  the 
winter  and  causes  the  piston  rods  to  cut  and  groove. 

Q.  10.  Explain  how  you  would  locate  a  defective  air 
valve. 

A.  The  general  rule  is  this :  the  piston  jumps  toward 
a  leaky  or  brdcen  receiving  valve  and  away  from  a 
broken  or  leaky  discharge  valve;  also  in  the  latter  case 
the  pump  heats  up  more,  as  the  compressed  air  is 
"churned,^'  that  is,  pumped  over  and  over  again.  Air 
blowing  out  of  the  low-pressure  receiving  valves  is  read- 
ily detected. 

Q.  II.  How  should  the  air  cylinders  be  oiled?  The 
steam  cylinders? 

A.  In  the  air  cylinders  use  good  valve  oil  very  spar- 
ingly. Always  keep  good,  well  oiled  swabs  on  the  piston 
rods,  as  it  has  been  proven  by  many  careful  engineers 
that  with  these  practically  no  oil  need  be  put  into  the  air 
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cylinders.  Valve  oil  in  the  steam  cylinders  and  lubrica- 
tion started  directly  after  the  pump  has  started.  Re- 
member the  first  steam  admitted  to  a  cold  pump  con- 
denses and  washes  the  surfaces  clean  of  oil;  hence  oil 
should  be  supplied  immediately  thereafter. 

Q.  12.    Which  air  cylinder  requires  the  most  oil? 

A.  The  smaller  or  high-pressure  cylinder,  on  account 
of  the  higher  temperature. 

Q.  13.  Explain  the  operation  of  the  automatic  oil 
cup  used  on  the  air  cylinders. 

A.  With  the  oil  cup  filled,  the  pump  working  and 
the  stroke  of  the  piston  upward,  air  is  forced  up  through 
a  small  passage  in  the  center  of  the  oil  cup  body  and  cap, 
down  inside  the  extended  cap  nut  sleeve,  through  the  oil 
and  forms  a  pressure  thereon.  When  the  piston  is  on  its 
downward  stroke,  and  there  is  a  partial  vacuum  in  the 
air 'Cylinder,  the  air  pressure  formed  on  top  of  the  oil  in 
this  cup  forces  the  oil  up  inside  the  sleeve  of  the  cap 
nut  to  the  feed  port  and  a  small  quantity  of  oil  is  then 
taken  down  through  this  port  and  sprayed  into  the  air 
cylinders  on  each  down  stroke. 

[the    new    YORK   engineer's    BRAKE   VALVE.] 

Q.  I.     Name  the  positions  of  the  handle  of  this  valve. 

A.  Release,  running,  positive  lap,  service  graduating 
(divided  into  five  notches)  and  emergency. 

Q.  2.  Describe  tSie  flow  of  air  through  the  valve  in 
each  of  these  positions. 

A.  Release,  from  the  main  reservoir  to  the  train  pipe 
through  large  opening.  Running  position,  from  the  main 
reservoir  past  the  excess  pressure  valve  (when  open)  to 
♦^he  train  pipe.    Positive  lap,  all  ports  closed  except  port 
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"O"  to  chamber  "D/'  Service  graduating,  small  opening 
from  the  train  line  through  the  main  slide  valve  to  the 
atmosphere,  which  opening  is  finally  closed  by  the  grad- 
uating slide  valve  when  the  certain  reduction  has  been 
made.  Emergency  position,  a  large  direct  opening  be- 
tween the  train  line  and  the  :*inosphere. 

Q.  3.  What  is  the  duty  of  the  supplementary  reser- 
voir? In  case  the  connections  to  this  reservoir  are 
broken  or  leaking  badly,  what  will  you  do,  and  how  will 
you  make  a  service  reduction  in  the  train  pipe? 

A.     To  enlarge  chamber  "D"  plug  it  up  and  make 
service  reductions  in  the  first  or  second  graduating  notch,  • 
bringing  the  handle  back  to  positive  lap  when  by  th^ 
gauge  you  found  a  sufficient  reduction  has  been  made. 
Q.  4.     By  what  pressure  is  this  reservoir  charged? 
A.    Train  pipe  pressure. 

Q.  5.  Explain  the  difference  in  the  manner  of  charg- 
ing this  reservoir  in  the  style  *'A"  pattern  of  brake  valve 
and  in  the  style  "B,'^  the  later  pattern  of  valve. 

A.  With  the  style  "A"  valve  the  handle  must  be  left 
a  moment  or  moved  slowly  over  running  or  positive  lap 
positions  in  order  to  fill  this  supplementary  reservoir  and 
thus  be  ready  for  service  graduations.  With  the  style 
"B"  valve  the  equalizing  piston  returns  to  its  normal  po- 
sition no  matter  in  what  position  the  brakes  have  pre- 
viously been  released. 

Q.  6.  What  is  the  duty  of  the  equalizing  piston ?  Ex- 
plain its  operation  in  a  service  reduction. 

A.  To  stop  the  discharge  of  air  from-  the  train  pipe 
without  causing  the  release  of  any  of  the  head  brakes  on 
the  train.  When  the  train  pipe  pressure  in  chamber  "A" 
becomes  enough  less  than  that  in  chamber  "D,"  the  pis- 
ton is  gradually  moved  and  closes  the  graduating  slide 
valve. 
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Q.  7.  How  will  you  distinguish  the  new  pattern  of 
brake  valve  from  the  older  one? 

A.  The  cap  to  chamber  *T>"  has  a  larger  projection 
due  to  the  provision  made  for  the  vent  valve  with  style 

Q.  8.  Explain  the  operation  of  the  style  "A"  valve  in 
a  service  application.  In  an  emergency.  In  a  release  of 
brakes  and  re-charging  the  supplementary  reservoir. 

A.  With  the  style  "A"  valve,  if  the  previous  release 
had  been  made  in  running  position  instead  of  full  re- 
lease, the  equalizing  piston  would  not  return  to  its  nor- 
mal position  because  no  air  had  been  exhausted  from 
chamber  "D,'^  hence  no  response  would  be  had  to  the 
next  service  application  until  the  handle  had  been  moved 
to  the  next  graduating  notch  beyond  one  used  in  pre- 
vious application.  Also,  as  explained  in  Ansfwer  No.  5, 
care  had  to  be  taken  to  fill  chamber  "D"  and  the  equaliz- 
ing reservoir  between  two  applications.  Both  types  of 
valves  work  alike  in  emergency  application. 

Q.  9.  Explain  the  operation  of  the  style  "B"  valve  in 
an  application.    In  a  release  of  brakes. 

A.  The  style  "B"  valve  works  practically  the  same  in 
an  application  of  the  brakes,  only  that  in  case  of  a  sec- 
ond  application  after  release  there  is  no  trouble  in  keep- 
ing the  equalizing  reservoir  properly  charged  and  the 
graduating  feature  is  reliable  in  all  its  notches  for  re- 
peated applications. 

Q.  10.  Why  is  it  not  necesisary  to  move  the  handle  of 
the  valve  to  lap  position  between  reductions  in  a  service 
application  ? 

A.  Because  the  graduating  slide  valve  laps  the  ports 
by  its  automatic  movement  received  by  the  graduating- 
piston  after  the  reduction  corresponding  to  the  service 
notch  has  been  made. 
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Q.  II.  What  are  the  plugs  for  that  are  in  the  cap  of 
the  brake  valve  ? 

A.  So  that  the  main  slide  valve  can  be  oiled  without 
taking  the  brake  valve  apart. 

Q.  12.  How  will  you  test  for  leaks  in  either  pattern 
of  brake  valve  ? 

A.  With  valve  "A/'  to  test  for  leaky  main  slide  valve 
place  the  handle  in  the  last  service  notch,  close  the  stop- 
cock under  the  brake  valve  and  watch  for  any  rising  of 
the  black  hand  in  the  gauge.  With  the  style  "B'^  valve, 
place  in  emergency  position,  then  to  positive  lap,  close 
the  stop-cock  and  notice  if  the  black  hand  rises.  To  test 
the  small  cut-off  or  graduating  valve  after  ascertaining 
that  the  main  slide-valve  is  tight,  make  a  reduction  in 
the  second  service  notch,  then  close  the  stop-cock.  If  a 
blow  is  heard  at  the  exhaust  port  and  the  black  hand  falls 
slowly,  the  cut-off  valve  is  leaking. 

[the  governor.] 

Q.  I.     What  is  the  duty  of  the  pump  governor? 

A.  To  properly  regulate  the  air  pressure  in  the  main 
reservoir. 

Q.  2.    Explain  how  the  governor  operates. 

A.  The  governor  is  an  automatic  arrangement  for 
adhiitting  and  closing  off  steam  to  the  air  pump,  and  is 
actuated  by  air  pressure.  The  steam  valve,  which  shuts 
off  and  opens  up  the  steam  passage  way  to  the  pump,  is 
controlled  by  an  air  piston  and  spring.  Wlien  air  pres- 
sure is  admitted  above  the  piston,  it  forces  the  piston 
down,  closing  off  the  steam  to  the  pump.  W'hen  the  air 
pressure  is  exhausted  from  above  the  piston,  the  spring 
forces  the  piston  up  and  allows  steam  pressure  to  pass 
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to  the  pump.    The  admission  and  exhaust  of  the  air  to 
this  piston  is  controlled  by  a  diaphragm  and  spring.   The 
air  from  the  main  reservoir  enters  the  body  of  the  gov- 
ernor underneath  the  diaphragm,  which  is  held  by  a 
spring  of  given  tension,  depending  on  the  pressure  de- 
sired in  the  main  reservoir.     While  the  main  reservoir 
pressure  is  less  than  the  pressure  the  governor  is  set  for, 
this  diaphragm  is  held  down  by  the  spring,  and  the  air 
can  pass  no  further  than  a  small  pin  valve  attached  to 
it,  but  when  the  main  reservoir  pressure  overcomes  the 
tension  of  the  spring,  it  raises  the  diaphragm,  unseats 
the  pin  valve  and  allows  the  air  to  flow  to  the  top  of  the 
air  piston,  shutting  off  the  pump.    Ehiring  the  time  the 
air  is  acting  on  this  piston  some  of  it  escapes  through  a 
leakage  port  or  vent  hole,  which  is  always  open.    When 
the  main  reservoir  pressure  drops  below  that  to  which 
the  spring  is  adjusted,  the  spring  forces  the  diaphragm 
down,  seating  the  pin  valve  and  allowing  the  air  on  top 
of  the  piston  to  escape  to  the  atmosphere,  through  the 
small  vent  port. 

Q.  3.  By  what  air  pressure  is  the  governor  operated 
when  using  the  D-8  brake  valve?  When  using  the  Gr-6 
valve?    When  using  the  New  York  brake  valve? 

A.  With  the  D-8  valve,  by  train  line  pressure.  With 
the  F-6  or  G-6  valve,  by  the  main  reservoir  pressure. 
New  York,  by  the  train  line. 

Q.  4.  By  what  pressure  is  the  duplex  governor  oper- 
ated in  high  speed  service?  By  what  pressure  in  ordi- 
nary service? 

A.  The  governor  tops  are  adjusted  for  90  and  no 
pounds  and  the  two  feed  valves  are  set  for  70  and  90 
pounds.  To  operate  the  low  or  ordinary  pressure  fea- 
ture, the  handle  of  the  reversinof  cock  is  turned  to  the 
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left,  this  cuts  out  the  i  lo  pound  governor  and  90  pound 
feed  valve  and  renders  operative  the  90  pound  governor 
and  70  pound  feed  valve.  By  reversing  the  position 
of  the  reversing  cock  handle  the  low-pressure  parts  are 
cut  out  and  the  high-pressure  parts  cut  in ;  but  the  small 
stop  cock  in  the  governor  pipe  must  also  be  closed. 

Q.  5.  What  is  the  object  of  the  relief  port  in  the 
governor?    Why  should  it  be  kept  open? 

A.  If  this  port  is  not  kept  open,  the  air  pressure 
which  holds  the  piston  down  cannot  escape  when  the  dia- 
phragm valve  closes  ahd  consequently  the  governor  will 
not  operate  the  pump  properly. 

.  Q.  6.     If  the  pin  valve  leaks,  what  effect  will  it  have 
on  the  pump? 

A.  It  will  allow  a  certain  amount  of  air  pressure  to 
flow  in  on  top  of  the  air  piston.  If  the  leak  is  greater 
than  the  escape  from  the  little  leakage  port,  the  under 
pressure  will  accumulate,  and  cause  the  governor  to  slow 
down  or  completely  stop  the  pump. 

Q.  7.     How  can  you  detect  leaks  in  the  governor? 

A.  By  disconnecting  the  upper  from  the  lower  section 
of  "the  governor,  then  attaching  the  air  pressure  con- 
nection, turn  the  air  pressure  under  the  diaphragm.  If 
it  raises  with  the  proper  pressure  and  opens  the  port 
the  escape  of  air  will  be  readily  noticed.  Should  it  not 
be  raised  or  the  port  be  closed  by  dirt,  it  would  be  in  that 
section,  this  will  also  show  if  the  diaphragm  leaks.  I 
would  then  inspect  the  lower  section. 

Q.  8.  Where  would  you  look  for  the  cause  if  the 
governor  allowed  the  pump  to  raise  the  pressure  too 
high? 

A.  The  main  reservoir  pressure  may  not  reach  the 
governor,  due  to  the  stoppage  in  the  pipe,  or  in   the 
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union  at  the  governor.  This  may  also  be  due  to  the 
space  on  top  of  the  diaphragm  being  filled  with  dirt.  If 
the  air  is  getting  to  the  diaphragm  valve,  and  is  so  indi- 
cated by  the  blow  at  the  leakage  port,  the  trouble  must 
then  be  due  to  the  drip  pipe  being  stopped  up  or  frozen, 
thereby  preventing  the  air  and  steam,  which  leak  in 
under  the  air  piston,  from  escaping. 

Q.  9.  Where,  if  the  pump  stopped  when  the  pres- 
sure was  too  low? 

A.  If  the  pump  was  not  getting  steam  it  would 
probably  be  due  to  the  pin  valve  gummed  up  or  dirt 
under  it ;  the  detector  hole  or  leakage  port  in.  the  side 
of  the  governor  would  then  blow.  Once  in  a  great  while 
the  piston  and  steam  valve  have  been  known  to  stick 
closed  but  very  rarely. 

Q.  10.  What  effect  does  it  have  on  the  pump  if  the 
drip  pipe  is  stopped  or  frozen  up? 

A.  The  governor  cannot  then  act  to  shut  off  the 
pump  and  too  high  pressure  will  be  pumped  into  the 
main  drum. 

[the  main  reservoir.] 

Q.  I.     What  is  the  main  reservoir  used  for? 

A.  The  main  reservoir  is  for  the  purpose  of  storing 
a  suppJy  of  air  in  advance  of  its  use  for  all  purposes. 

Q.  2.  Why  does  water  accumulate  in  the  main  reser- 
voir, and  how  often  should  it  be  drained  ? 

A.  The  atmosphere  contains  moisture  which  is  pre- 
cipitated by  compression  and  settles  in  the  main  drum 
which  should  be  drained  daily  and  at  a  time  when  the 
reservoir  is  warm  enough  to  be  certain  no  ice  could 
<^ain  therein. 
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Q.  3.     What  is  excess  pressure,  and  what  is  it  for  ? 

A.  Excess  pressure  means  simply  "additional"  pres- 
sure or  more  pressure  in  the  main  reservoir  than  in  the 
train  line.  For  example,  if  the  train  line  has  70  pounds 
and  the  main  reservoir  95  pounds,  there  would  be  25 
pounds  of  excess  pressure.  Again,  if  the  train  line  had 
90  pounds  and  the  main  reservoir  115  pounds  there 
would  still  be  25  pounds  of  excess. 


engineer's  brake  and  equalizing  discharge  valve. 

Q.  I.  Name  the  different  positions  of  the  brake  valve 
and  trace  Hhe  flow  of  air  through  it  in  each  position. 

A.  Full  release,  running  position,  lap,  service  appli- 
cation and  emergency  application.  In  full  release  there 
is  a  large  direct  communication  between  the  main  reser- 
voir and  the  train  pipe.  In  running  position  the  air 
passes  from  the  main  reservoir  indirectly  to  the  train 
pipe,  that  is  thraug*h  the  ports  and  passages  of  the  ex- 
cess-pressure valve  or  through  the  feed-valve,  as  the 
case  may  be.  In  lap  position  all  ports  are  closed.  In 
service  application  first  the  air  from  the  equalizing 
discharge  reservoir  and  cavity  "D"  escapes  to  the  atmos- 
phere, then,  when  the  equalizing  discharge  piston  raises, 
the  air  from  the  train  pipe  escapes  to  the  atmosphere 
through  the  train  line  exhaust  elbow.  In  emergency 
position  a  large  direct  opening  is  made  between  the 
train  pipe  and  the  atmosphere. 

Q.  2.     Where  does  the  main  reservoir  pressure  begin 
and  end  ?    Where  does  the  train  pressure  begin  and  end  ? 

A.      The  main  reservoir  pressure  begins  at  the  pump 
discharge  pipe  and  ends  at  the  connection  to  the  brake 
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valve.  The  train  pipe  pressure  begins  at  the  brake  valve 
and  extends  to  the  rear  cock  on  the  train,  with  branches 
to  the  triple  valve  under  each  car,  the  tender,  and  the 
engine. 

Q.  3.  Explain  the  effect  of  a  cut  rotary  valve  or 
seat 

A.  A  leaky  rotary  valve  or  seat  usually  causes  a 
loss  of  excess  pressure  in  running  position  and  releases 
the  brakes  in  lap  position. 

Q.  4.  .  How  do  you  regulate  the  excess  pressure  with 
each  form  of  brake  valve?  How  do  you  clean  the 
valves  ? 

A.  With  the  1889  (D-8)  brake  valve,  by  the  excess 
pressure  spring ;  with  the  later  forms  of  brake  valves,  by 
the  spring  in  the  feed-valve  attachment.  Clean  the 
valves  and  their  seats  by  waste  or  friction  from  a  soft 
piece  of  wood — never  oil  them  when  replacing. 

Q.  5.  How  do  you  apply  and  release  the  atttomatic 
brake? 

A.  The  automatic  brake  is  applied  by  reducing  the 
train  pipe  pressure  T>elow  that  in  the  auxiliary;  it  is 
released  by  increasing  the  train  pipe  pressure  above  that 
in  the  auxiliary.  The  brake  valve  is  the  valve  to  prop- 
erly perform  these  functions,  when  everything  is  in 
working  order. 

Q.  6.  What  can  be  learned  by  noticing  the  discharge 
of  air  from  the  train  pipe  exhaust? 

A.  The  length  of  the  train  line,  that  is,  approxi- 
mately the  number  of  cars  of  air.  By  watching  this 
exhaust  it  can  also  be  determined  if,  in  testing  brakes, 
one  defective  triple  sets  quick  action;  third,  in  releasing 
brakes  it  can  be  told  if  you  only  have  the  lone  engine. 

Q.  7.    What  is  the  duty  of  the  small  reservoir  con- 
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nected  to  the  brake  valve?  If  the  pipe  leading  to  this 
reservoir  is  leaking  badly  or  broken  off,  what  will  you 
do? 

A.  It  is  for  the  purpose  of  enlarging  chamber  "D'' 
without  making  a  great  bulky  brake  valve  in  the  cab. 
Plug  up  this  pipe  or  put  in  a  blind  gasket,  also  plug  the 
train  line  exhaust  nipple  and  use  emergency  position 
carefully,  as  with  the  old  three-way  cock. 

Q.  8.  Where  is  the  first  air  taken  from  in  making  a 
service  stop  ?    Where  does  it  blow  out  ?    Where  next  ? 

A.  From  chamber  "D"  and  the  equalizing  reservoir. 
It  blows  out  of  the  preliminary  exhaust.  Next,  the  train 
pipe  pressure  escapes  from  the  train  line  exhaust  nipple. 

Q.  9.  Does  air  ever  blow  out  of  the  train  pipe  ex- 
haust when  releasing  the  brake?    Why? 

A.  Yes,  with  a  lone  engine  or  very  short  train,  in 
which  case  the  train  line  Charges  more  rapidly  than 
chamber  "D"  and  the  equalizing  reservoir,  thus  causing 
piston  17  to  raise. 

Q.  10.  What  pressure  do  the  red  hand  and  black 
hand  of  the  gauge  indicate  ? 

A.  Red  hand — main  reservoir;  black  hand — chamber 
^'D''  pressure. 

Q.  II.  Does  the  black  hand  of  the  gauge  also  show 
the  train  pipe  pressure  at  all  times  ? 

A.  No,  only  when  chamber  "D"  and  the  train  line 
are  connected,  as  in  full  release  and  running  position. 
On  lap  or  in  service  positions  at  the  instant  the  train  line 
exhaust  starts  or  stops,  they  are  also  practically  equal. 

Q.  12.  What  will  be  the  result  of  leaving  the  handle 
of  the  brake  valve  in  full  release  position  too  long  and 
then  moving  to  running  position? 

A.  Brakes  are  likely  to  drag  due  to  temporarily  shut- 
ting off  all  supply  of  air  to  overcome  the  leaks. 
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Q.  13.     How  is  the  train  pipe  pressure  regulated  with 

.ch  type  of  brake  valve? 

A.     By  the  governor  with  the  1889  .(D-8)  brake  valve ; 

'  the   feed-valve  attachment  with  all  later  types   of 

ake  valves. 

Q.  14.     In  making  a  service  application  what  should 

e  first  reduction  be  ? 

A.     From  5  to  8  lbs,  depending  upon  the  length  of  the 

ain. 

Q.I 5.    What   reduction   from   seventy  pounds   train 

pe  pressure  will  fully  apply  the  brake  ?    Why  ? 

A.     About  20  pounds;  because  that  amount  from  the 

ixiliary  reservoirs  will  equalize  with  the  pressure  in 

e  brake  cylinders  at  about  50  pounds. 

Q.  16.     How  do  you  handle  the  brake  valve  to  apply 

e  brake  in  the  emergency? 

A.     It  should  be  thrown  to  full  emergency  position 

d  left  there. 

Q.  17.    How  do  you  handle  the  brake  valve  in  the 
se  of  a  bursted  hose? 

A.  Place  the  handle  on  lap.  If  the  trainmen  could 
t  find  the  burst  hose,  I  would  frequently  throw  a 
ive  of  air  into  the  train  pipe  (in  running  position  or 
rtial  release)  so  as  to  aid  them. 
Q.  18.  In  case  the  train  breaks  in  two? 
A.  Place  the  brake  valve  on  lap  until  the  rear  cock 
the  first  section  is  closed ;  then  release  and  as  soon  as 
2se  brakes  are  off,  place  the  handle  again  on  lap  to 
t  pressure  to  release  the  rear  portion  of  train  when 
Lipled  up.  Do  not  recharge  to  full  pressure  until  the 
lole  train  is  coupled  up. 

3.  19.     When   the   train   is   backing   up   and   a   tail 
se  is  used  on  rear  end  to  apply  brakes? 
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A.  Always  carry  the  valve  in  running  position  when 
the  tail  hose  is  being  used.  Never  throw  it  to  full 
release  unless  the  train  stops  and  some  brakes  fail  to 
release. 

Q.  20.  Do  leaks  in  the  brake  valve  affect  the  opera- 
tion of  the  brakes  ? 

A.  Yes.  If  air  leaks  to  the  atmosphere  it  will  effect 
the  reduction  desired.  If  it  leaks  from  the  main  reser- 
voir to  other  ports  it  may  release  the  brakes  or  make  the 
service  application  position  of  no  effect. 

Q.  21.  Name  the  defects  in  the  brake  valve  and  ex- 
plain how  you  would  locate  them. 

A.  Leaky  rotary  valve  (or  body  gasket)  place  the 
valve  in  service  position,  bleed  the  engine  and  tender 
auxiliaries  and  place  the  rear  tank  hose  in  a  bucket  of 
water.  Air  bubbles  in  the  water  will  indicate  this  leak. 
If  the  rotary  and  body  gasket  are  tight,  loss  of  excess 
means  dirty  or  cut  feed-valve  or  broken  feed-valve  v  gas- 
ket. Leaky  packing  ring  in  piston  17  (the  equalizing 
discharge  piston)  makes  the  gauge  reduce  slower  and 
the  black  hand  recoil  after  a  considerable;  reduction.  A 
leak  in  chamber  "Z)"  or  its  connections  (the  gauge  and- 
the  equalizing  reservoir)  causes  the  train  line  exhaust 
to  blow  and  the  brakes  to  set  on  lap  position.  These  are 
the  main  defects  and  "symptoms." 

Q.  22.  In  what  m.anner  can  you  remedy  these  de- 
fects ? 

A.     Carefully  tighten  the  bolts  or  unions  where  gas-» 
kets  are   leaking   and   clean   any   dirty   valves   without 
scratching  them;  after  that  is  done  it  is  better  to  handle 
the  valve  carefully  until  the   terminal   is   reached  and 
report  the  repairs  needed  in  detail. 
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[the  straight  air  brake.] 

Q.  I.  What  additional  parts  are  needed  on  an  en- 
gine and  tender  to  have  the  straight  air  brake  in  con- 
nection with  the  automatic  brake? 

A.  The  straight  air  brake  is  designed  to  operate  on 
the  engine  and  tender  alone,  and  not  on  the  cars  of  the 
train.  To  operate  ,the  combined  automatic  and  straight 
air  brake,  extra  parts  as  follows  should  be  supplied: 
Reducing  valve  for  the  straight  air  system,  set  at  45 
pounds;  an  engineer's  straight  air  brake  valve;  a  double 
seated  check  valve  for  the  driver  brake  cylinder;  a 
double  seated  check  valve  for  the  tender  brake  cylinder ; 
a  safety  valve,  set  at  53  pounds,  one  for  the  driver 
brake  cylinders  and  one  for  the  tender  brake  cylinder; 
and  a  straight  air  brake  hose  connection  between  the 
engine  and  tender. 

Q.  2.  What  is  the  duty  of  the  double  check  valve, 
and  how  does  it  operate? 

A.  To  prevent  air  escaping  from  the  brake  cylinder 
through  the  triple  exhaust  port  while  the  straight  air 
is  applied,  also  to  prevent  the  air  escaping  from  the 
brake  cylinder  through  the  straight  air  brake  valve  ex- 
haust port  while  the  automatic  brake  is  applied.  It  con- 
sists of  a  double  piston  with  a  leather  face  on  each. 
When  the  automatic  brake  is  applied  the  piston  is  forced 
to  such  a  position  as  closes  the  straight  air  side  and  at 
the  same  time  opens  a  set  of  ports  that  admits  the  air 
to  the  brake  cylinder.  When  the  straight  air  is  applied 
just  the  reverse  occurs  and  air  from  the  main  reserv'oir, 
through  the  straight  air  brake  valve  is  admitted  to  the 
brake  cylinders. 

Q.  3.     What  pressure   should   the   reducing  or  feed 
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valve  used  with  this  brake  be  set  at?    The  safety  valve? 

A.  Reducing  valve  set  at  45  pounds.  Safety  valve 
set  at  53  pounds. 

Q.  4.    How  do  you  operate  the  straight  air  brake  ?    • 

A.  By  placing  the  handle  of  the  brake  valve  forward 
in  application  position,  the  application  valve  is  opened 
admitting  air  from  the  main  reservoir  to  the  brake  cylin- 
ders ;  by  placing  the  handle  of  the  valve  back  in  release 
position,  the  release  valve  is  opened  allowing  the  air  in 
the  brake  cylinders  to  flow  to  the  atmosphere.  Lap 
position  is  intermediate  and  in  this  position  both  valves 
are  closed. 

Q.  5.  In  what  position  should  the  automatic  brake 
valve  be  when  releasing  the  straight  air  brake? 

A.  The  automatic  valve  should  be  carried  in  run- 
ning position  with  excess  when  using  the  straight  air 
brake. 

[the  triple  VALVE.] 

Q.  I.    What  is  the  duty  of  the  triple  valve? 

A.     The  duty  of  the  triple  valve  is,  first,  to  charge  the 

auxiliary  reservoir,  second,  to  set  the  brakes  by  allowing 

auxiliary   pressure  to  flow  to  the  brake  cylinder,  and 

third,  to  release  the  brakes  by  allowing  the  pressure  in 

he  cylinder  to  escape  to  the  atmosphere. 

Q.  2.     By  what  is  it  connected  to  the  brake  valve? 

A.     By  the  branch  pipe  and  the  train  line  with  hose. 

Q.  3.  Explain  the  duty  of  the  triple  piston,  the  slide 
valve  and  the  graduating  valve. 

A.  The  duty  of  the  triple  valve  piston,  is,  by  varia- 
tion of  pressures  on  its  two  sides,  to  move  the  slide 
valve  on  its  seat  to  the  application,  graduating,  and 
release  position,  and  to  open  and  close  the  feed  groove 
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in  the  piston  bushing.  The  function  of  the  slide  valve 
is,  by  its  movement  due  to  the  triple  valve  piston,  to 
make  connection  between  the  auxiliary  reservoir  and 
brake  cylinder,  applying  the  brake,  and  to  make  con- 
nections between  the  brake  cylinder  and  the  atmosphere, 
releasing  the  brake.  The  function  of  the  graduating 
valve  is,  from  its  movement  given  by  the  triple  piston, 
to  admit  pressure  gradually  from  the  auxiliary  reservoir 
to  the  brake  cylinder  in  response  to  reductions  made  in 
the  train  pipe  pressure. 

Q.  4.  How  many  kinds  of  triple  valves  are  in  use 
on  this  road  ? 

A.  Two,  the  plain  type  and  the  quick  action  type,  or 
according  to  the  fact. 

Q.  5.    Describe  how  each  kind  operates. 

A.  With  the  quick  action  type,  a  sudden  reduction 
of  pressure  in  the  train  pipe  will  cause  the  triple  piston 
and  its  parts  to  be  moved  to  quick  action  application 
position,  which  first  throws  into  operation  the  emergency 
feature  of  the  triple,  admitting  train  line  pressure  to  the 
brake  cylinder,  after  which  auxiliary  reservoir  pressure 
is  permitted  to  pass  to  the  brake  cylinder,  and  conse- 
quently a  higher  pressure  is  obtained  than  in  a  full  serv- 
ice application  of  the  brake.  With  the  plain  type  any 
sudden  reduction  merely  moves  the  parts  to  their  ex- 
treme position  but  allows  no  other  than  auxiliary  reser- 
voir pressure  to  flow  to  the  brake  cylinder. 

Q.  6.     Explain  where  the  air  comes  from  that  enters 
'  the  brake  cylinder  in  a  service  application.    In  an  emer- 
gency application.    With  each  kind  of  triple  valve. 

A.     In  service  application  with  either  type  of  triple 

valve  the  air  that  enters  the  brake  cylinder  comes  from 

ie  auxiliary  reservoir ;  with  the  quick  action  triple  only 
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does  part  of  the  train  pipe  air  first  enter  the  brake  cyl- 
inder quickly,  later  followed  by  the  auxiliary  pressure. 

Q.  7.  How  do  you  cut  out  a  triple  valve  so  its  brake 
will  not  operate  ? 

A.  The  old  style  plain  triple,  by  turning  the  handle 
down  obliquely  to  about  45°.  With  the  later  style  and 
all  quick  action  triples,  by  closing  the  stop  cock  in  the 
branch  pipe.  You  should  then  bleed  the  auxiliary  reser- 
voir. 

Q.  8.  If  a  triple  valve  does  not  apply  the  brake  at 
the  proper  time,  where  will  you  look  for  the  trouble? 

A.  If  the  auxiliary  is  charged,  the  triple  valve  is 
probably  frozen  or  5tuck  or  the  packing  ring  worn 
badly,  or  the  brake  cylinder  itself  leaking  badly.  If 
the  auxiliary  has  not  charged  the  feed  groove  may  be 
closed  or  the  reservoir  itself  be  leaking  badly. 

Q.  9.  If  the  brake  will  not  release,  where  will  you 
look  for  the  trouble? 

A.  Retainer  turned  up  or  its  pipe  stopped  up;  triple 
piston  packing  ring  worn;  triple  strainer  stopped  up  or 
triple  frozen. 

Q.  10.  Name  the  common  defects  of  the  triple  valve 
and  explain  how  you  locate  them. 

A.  Triple  valve  frozen  or  stuck,  packing  ring  leak- 
ing, etc.,  located  as  above.  Emergency  gasket  leaking — 
cut  the  car  out  underneath  and  the  brake  will  set  quick 
action.  Slide  valve  dirty  or  leaking — ^blows  through  the 
exhaust  or  retainer  but  will  not  cause  emergency  as  last 
stated.  Brake  fails  to  release  on  long  train,  usually  the 
piston  packing  ring  or  cylinder  bushing  worn  badly. 
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[the  high  speed  brake.] 

y.  I.  Name  the  complete  parts  that  are  added  to  tiie 
ordinary  brake  to  make  the  latter  a  high  speed  brake. 

A.  Two  feed-valve  attachments  with  reversing  cock, 
a  Siamese  fitting  with  two  pump  governor  tops,  and  one 
high  speed  automatic  reducing  valve  connected  by  pip- 
ing to  each  brake  cylinder  on  the  engine  and  cars. 

Q.  2.  How  much  pressure  is  carried  in  train  pipe 
and  auxiliaries  with  high  speed  brake? 

A.     no  pounds. 

Q.  3.  How  would  you  change  from  low  to  high,  or 
from  high  to  low  pressure? 

A.  Turn  the  reversing  cock  so  the  70  pound  feed- 
valve  would  regulate  the  train' pipe  pressure  and  cut  in 
the  cock  to  the  low  pressure  governor  top;  change  both 
these  cocks  and  you  are  ready  for  the  high  speed  brake. 

Q.  4.  How  many  pounds  train  pipe  reduction  in  a 
service  application  will  give  a  fully  applied  brake? 

A.    About  20  pounds. 

Q.  5.  At  what  pressure  will  the  auxiliary  reservoirs 
and  brake  cylinders  equalize  with  an  emergency  applica- 
tion using  the  high  speed  brake  ? 

A.     At  about  85  pounds  with  a  7-inch  piston  travel. 

Q.  6.  Explain  in  a  general  way  the  operation  of  the 
reducing  valve  in  service  and  in  emergency. 

A.  The  valve  consists  of  a  piston  and  stem  whose 
downward  movement  is  regulated  by  the  adjusting 
spring.  A  small  slide  valve  with  a  triangular  escape 
port  is  attached  to  the  upper  side  of  the  piston.  K  the 
adjusting  spring  is  set  at  60  pounds,  and  an  emergency 
application  of  the  brake  be  made,  the  piston  will  descend 
when  60  pounds  has  been  accumulated  in  the  brake  cyl- 
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.iulQTy  and  the  apex  or  smallest  part  of  the  triangular 
port  will  permit  brake  cylinder  pressure  to  pass  through 
it  and  escape  to  the  atmosphere;  as  the  brake  cylinder 
pressure  reduces,  the  piston  will  gradually  move  up  a 
larger  part  of  the  triangular  port,  thus  increasing  the 
opening  for  the  escape  of  brake  cylinder  pressure  to  the 
atmosphere.  When  the  brake  cylinder  pressure  has 
blown  down  to  60  pounds,  the  port  will  be  closed,  shut- 
ting off  further  escape  of  brake  cylinder  pressure  to  the 
atmosphere.  In  service  application,  the  larger  portion  of 
the  triangular  port  will  permit  brake  cylinder  pressure 
to  escape  to  the  atmosphere  when  60  pounds  has  been 
accumulated  in  the  brake  cylinder,  thus  blowing  down 
the  pressure  quickly  and  preventing  more  than  60  pounds 
being  accumulated  in  the  brake  cylinder  in  service  appli- 
cation. 

Q.  7.  If  a  train  with  high  speed  brakes  should  pick 
up  a  car  not  equipped  with  same,  what  should  enginemen 
do? 

A.  Unless  a  safety  valve  is/  at  hand  to  screw  into 
the  cylinder  oil  hole  on  the  car,  the  only  perfectly  safe 
way  against  wheel  sliding  in  case  of  emergency  would 
be  for  the  engineer  to  discontinue  the  use  of  the  high 
speed  brake  on  the  whole  train. 

Q.  8.  When  a  car  that  is  equipped  with  an  ordinary 
brake  is  coupled  to  a  train  using  the  high  speed  brake, 
what  must  be  done  vyrith  this  car  to  run  it  with  the  high 
pressure  ? 

A.     Screw  a  safety  valve  into  the  cylinder  of  this  car. 

Q.  9.  How  many  full  service  applications  can  be 
made  without  recharging,  and  have  left  as  much  pressure 
as  is  used  with  the  ordinary  quick  action  brake  ? 

A.  Two.  The  first  one  from  no  to  90;  the  second, 
;90  to  70. 
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Q.  lo.  Should  the  emergency  be  used  with,  the  high 
speed  brake  at  a  speed  of  less  than  forty  miles  per  hour  ? 
Give  reason. 

A.  It  should  not,  as  the  wheels  will  more  than  likely 
be  slid  for  the  automatic  reducing  valves  do  not  have 
time  to  release  the  extra  pressure  before  the  speed  is  so 
slow  that  the  wheels  will  slide. 


i 


THE  WATER  BRAKE. 

Q.  I.  Explain  the  principle  upon  which  the  water 
'brake  works. 

A.  When  a  locomotive  is  reversed  the  cylinders  form 
powerful  compressors,  tending  to  retard  the  engine 
greatly  but  at  the  same  time  it  is  liable  to  cut  the  cylin- 
ders besides  forcing  air,  gases,  and  smoke  through  them 
into  the  boiler,  hence  a  small  jet  of  hot  water  is  piped 
from  a  globe  valve  in  the  cab  (which  valve  is  on  a  level 
with  the  crown  sheet)  to  the  two  exhaust  passages  in  the 
cylinder  saddles. 

Q.  2.  Where  is  it  intended  the  water  brake  should 
be  used,  and  what  is  the  object  of  using  it  instead  of  air 
driving  wheel  brakes  ? 

A.  In  mountain  service  only,  its  object  being  to  hold 
the  train  while  recharging  the  auxiliaries  with  air;  it 
also  allows  the  driver  brakes  to  be  released  before  the 
tires  get  so  hot  as  to  become  loose. 

Q.  3.  What  must  be  done  with  air  driver  brakes 
before  water  brake  is  put  into  action? 

A.  They  should  either  be  cut  out  or  the  bleeder  left 
open. 

Q.  4.  In  what  position  should  reverse  lever  be  placed 
before  putting  water  brake  into  action? 
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A.  In  forward  motion  until  steam  is  properly  regu- 
lated through  watching  the  open  cylinder  cocks,  then  the 
reverse  lever  should  be  immediately  placed  a  few  notches 
back  of  the  center,  as  desired. 

Q.  5.     Should  cylinder  cocks  be  open  or  closed? 

A.    They  should  be  left  open. 

Q.  6.  Explain  how  the  water  brake  is  then  applied 
and  released. 

A.  By  the  opening  and  closing  of  the  water  valve 
and  the  movement  of  the  lever  to  reverse  or  to  forward 
motion. 

Q.  7.  How  can  you  tell  when  water  brake  valve  is 
opened  sufficiently? 

A.  By  the  color  of  the  steam  as  it  escapes  from  the 
cylinder  cocks  before  reversing. 

Q.  8.  How  is  the  power  of  the  water  brake 
regulated  ? 

A.  By  hooking  the  reverse  lever  farther  back  in  the 
quadrant  it  is  increased,  and  vice  versa. 

Q.  9.  At  what  speed  is  the  water  brake  most  effi- 
cient? 

A.    At  from  5  to  12  miles  per  hour. 

Q.  ID.  What  speed  should  not  be  exceeded  when 
water  brake  is  put  into  operation  ? 

A.    Not  nK>re  than  16  to  18  miles  per  hour. 


TRAIN  AIR  SIGNALING. 

Q.  I.    How  does  the  air  signal  equipment  operate? 

A.  Air  pressure  from  the  main  reservoir  is  supplied 
at  a  redtrced  pressure  through  the  reducing  valve  to  the 
signalline.  On  each  car  a  branch  of  the  signal  line 
leads  through  a  cut-out  cock  to  the  signal  discharge  valve 
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above  the  door ;  a  branch  on  the  locomotive  leads  to  the 
whistle  valve.  Any  sudden  reduction  in  the  signal  line 
releases  the  whistle  valve  and  blows  the  whistle. 

Q.  2.  What  pressure  should  be  carried  in  the  signal 
line?    How  do  you  know  you  have  this  pressure? 

A.  Forty  pounds.  By  a  test  gauge  or  by  placing 
the  brake  valve  in  full  release,  shut  off  the  pump  and 
open  the  rear  train  line  cock  until  the  whistle  blcrws ; 
then  the  red  pointer  of  gauge  shows  the  signal  line  pres- 
sure approximately. 

Q.  3.  What  causes  the  signal  whistle  to  blow  each 
time  the  brake  is  released? 

A.  Dirty  reducing  valve  which  lets  full  main  drum 
pressure  accumulate  in  the  signal  pipe  and  when  the 
brake  is  released,  the  flow  of  air  from  the  signal  pipe 
back  to  the  main  reservoir  blows  the  whistle. 

Q.  4.  If  the  whistle  gives  a  weak  blast  where  would 
you  look  for  the  trouble? 

A.  First  see  that  the  whistle  was  clean  and  properly 
adjusted ;  next  see  if  opening  the  rear  signal  cock  on  the 
engine  a  little  would  give  good  whistle ;  if  not  the  whistle 
valve  or  pipe  may  be  stopped  up.  If  the  apparatus  on 
the  engine  is  all  right,  the  car  discharge  valve  or  strainer 
may  be  stopped  up  or  a  very  bad  leak  exist  in  the  signal 
line  on  the  train. 

Q.  5.    What  makes  it  repeat  the  signal  ? 

A.  Too  short  and  quick  an  opening  of  the  discharge 
valve  in  the  middle  of  a  long  train  sometimes,  or  the 
whistle  valve  stem  not  fitting  properly. 

Q.  6.  Will  a  leak  in  the  signal  line  aflfect  the  work- 
ing of  the  signal  valve?    Explain. 

A.  Yes.  You  can  give  signals  from  cars  ahead  of 
the  leak  better  and  in  more  quick  succession  than  from 
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cars  batk  of  the  leak.  A  continuous  leak  keeps  the  re- 
ducing valve  open  all  the  time,  hence  to  blow  the  whistle 
you  have  to  reduce  the  signal  line  pressure  faster  than  it 
is  being  supplied,  which  is  difficult  on  a  long  train  espe- 
cially. 

Q.  7.  Where  would  you  look  for  the  trouble  if  the 
signal  pipe  would  not  charge? 

A.  In  Ihe  reducing  valve.  It  would  probably  be 
found  to  be  dirty,  or  the  adjusting  spring  may  not  be 
set,  or  the;  signal  cut-out  cock  may  be  closed  at  the  re- 
ducer con\«^^on. 


SUPPLEMENTARY  QUESTIONS  AND  THEIR 

ANSWERS. 

Q.     What  would  be  the  best  method  of  testing  for  a 
leaky  exhaust  pipe  joint  or  nozzle  joint? 

A.  It  is  hardly  practical  to  make  a  good  test  for  leaky 
exhaust  pipe  joints  or  nozzle  while  on  the  road.  How- 
ever, the  front  end  may  be  opened  while  the  engine  is 
working  slowly,  and  it  is  possible  that  the  leaks  will  show 
themselves  or  that  the  absence  of  any  sparks  around  the 
joint  at  the  bottom  of  the  nozzle  stand  will  indicate  leak- 
age at  that  point.  To  make  a  thorough  test  the  exhaust 
tip  must  be  plugged  and  then,  with  the  throttle  open,  the 
reverse  lever  should  be  moved  from  the  forward  to  the 
back  corner  several  times,  using  water  pressure  w^hen 
available. 

Q.  How  would  you  proceed  in  case  of  a  hot  bear- 
ing? 

A.  If  for  any  cause  a  bearing  becomes  hot  while  on 
the  road,  the  first  thing  to  do  is  to  see  that  the  oil  hole 
is  open.  Then  make  sure  that  the  bearing  receives  plenty 
of  lubrication,  using  valve  oil,  soap  or  graphite,  or  a  mix- 
ture of  these  lubricants.  Proper  lubrication  is  the  best 
treatment  for  a  hot  bearing  and  water  should  not  be  used 
if  the  bearing  is  very  hot. 

Q.  In  the  event  of  a  steam  chest  becoming  cracked, 
what  would  you  do? 

A.  If  a  steam  chest  cracks  it  can  usually  be  made 
tight  enough  to  get  in  with  by  loosening  up  on  the  nuts 
on  the  studs  holding  down  the  steam  chest  cover,  and 
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placing  wedges  between  the  steam  ohest  and  the  studs 
in  such  manner  as  to  draw  the  cracked  sections  together. 
A  brake-shoe  key  makes  a  convenient  wedge  for  this 
purpose.  After  the  parts  are  tightly  wedged  together, 
the  nuts  should  be  tightened  up  again,  and  in  most  cases 
the  joint  will  be  tight  enough  to  get  in  with. 

Q.  What  would  you  do  if  the  steam  ohest  should 
be  broken? 

A.  If  a  steam  chest  breaks  the  only  thing  to  do  is  to 
'block  the  steam  admission  ports  to  the  steam  chest.  A 
fish  plate  fastened  to  some  of  the  studs  will  hold  the 
blocking  down  if  the  steam  chest  is  partly  demolished. 

Q.  In  case  a  link  lifter  or  arm  should  become  broken, 
what  would  you  do? 

A.  A  block  must  be  placed  between  the  top  of  the  link 
block  and  the  top  of  the  link  that  will  give  the  valve 
sufficient  cut-off  to  bring  the  train  in  with.  Another 
block  should  be  placed  between  the  bottom  of  the  link 
block  and  the  bottom  of  the  link  on  the  good  side  to  pre- 
vent the  possibility  of  accidentally  reversing  the  engine. 
If  it  is  desired  to  reverse  the  engine  the  blocking  must 
be  dhanged  accordingly. 

Q.  How  would  you  proceed  in  the  .event  of  a  broken 
reverse  lever  or  reach  rod  ? 

A.  With  a  broken  reverse  lever  or  reach  rod,  one 
block  placed  between  the  top  of  the  link  and  the  top  of 
the  link  block  so  as  to  give  the  desired  cut-off  is  all  that 
is  necessary,  unless  it  is  desired  to  reverse  the  engine,  in 
which  case  a  long  block  must  be  used  between  the  top  of 
the  link  block  and  the-  link,  and  a  short  block  between 
the  bottom  of  the  link  block  and  the  link. 

Q.  What  course  would  you  pursue  in  case  of  a  broken 
or  bent  piston,  cross-head,  connecting  rod  or  crank  pin? 
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A.  If  a  piston  or  piston  rod  is  broken  or  bent,  renovc 
the  broken  parts,  clamp  the  valve  in  the  center  of  its  seat, 
and  proceed  without  taking  down  the  main  rod  unless  th*^ 
guides  have  been  injured. 

If  the  crosshead,  connecting  rod,  or  crank  pin  is  bent 
or  broken,  remove  the  broken  parts,  clamp  the  valve  in 
the  center  of  its  seat,  block  the  piston  and  what  remains 
of  the  crosshead  securely,  and  proceed  on  the  other  side. 

Q.  If  the  safety  valve  spring  should  become  broken, 
what  would  you  do? 

A.  If  a  safety  valve  spring  breaks,  after  the  pressure 
has  all  been  relieved  the  valve  can  be  screwed  out  and  a 
plug  of  wood  fitted  in  the  valve  in  such  manner  that 
when  the  valve  is  screwed  back  into  place  again  it  will 
hold  the  pressure.  The  other  safety  valve  must,  of 
course,  be  in  condition  to  relieve  the  boiler  of  excessive 
pressure. 

Q.  How  could  you  manage  to  bring  in  your  engine 
in  case  of  a  broken  front  end  or  stack  ? 

A.  The  front  end  of  an  engine,  when  broken,  can  al- 
ways be  boarded  up  sufficiently  to  allow  enough  draft  to 
be  furnished  to  bring  in  the  lig'ht  engine. 

If  the  stack  is  knocked  off  it  will  be  hard  to  get  very 
much  draft  on  the  engine,  although,  by  fastening  a  barrel 
or  something  similar  over  the  opening,  draft  enough  can 
be  secured  to  bring  in  the  light  engine. 

Q.  In  case  you  should  break  a  frame  between  the 
cylinder  and  the  main  driver,  what  could  be  done  in 
order  to  get  the  engine  to  the  shop  ? 

A.  When  a  frame  is  broken  between  the  main  driver 
and  the  cylinder,  it  is  not  safe  to  try  to  do  any  work 
with  the  engine.  Unless  the  rules  of  your  road  say 
otherwise,  disconnect  the  valve  stem  on  the  broken  side 
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and  clamp  the  valve.    Proceed  on  the  other  side,  using  a 
light  throttle. 

In  case  the  engine  is  to  be  towed  in,  it  should  not  be 
placed  in  a  train  as  the  strain  or  shock  at  either  the  head 
or  rear  end  of  the  train  is  liable  to  do  damage. 

Q.  In  case  a  cylinder  key  should  work  loose  or  be- 
come lost  entirely,  what  would  you  do? 

A.  If  there  is  a  loose  or  lost  cylinder  key,  it  should 
immediately  be  replaced  to  avoid  serious  damage  to  the 
cylinder  saddles.  \i  nothing  is  at  hand  which  can  be 
used  as  a  temporary  wedge,  the  engine  should  be  run 
ligtht  to  the  nearest  town  and  a  wedge  obtained  from 
some  blacksmith,  which  can  be  used,  and  by  the  use  of 
which  it  would  be  safe  to  bring  the  train  in. 

Q.  What  would  you  do  with  a  broken  frame  if  the 
break  should  occur  back  of  the  main  driver  ? 

A.  If  the  frame  is  broken  back  of  the  main  driver, 
it  is  not  advisable  to  try  to  handle  any  part  of  the  train, 
but  the  engine  can  be  brought  in  light  without  doing  any 
damage. 

Q.     How  would  you  proceed  if  a  side  rod  broke? 

A.  In  case  of  broken  side  rods,  remove  broken  parts, 
and  always  remove  the  corresponding  rods  on  the  op- 
posite side  of  the  engine.  If  the  corresponding  rods  on 
the  opposite  side  of  the  engine  are  not  removed  it  is  al- 
most certain  that  in  passing  over  a  frog  or  bad  place  in 
the  track,  or  if  the  engine  slips,  that  the  wheels  will  com- 
mence turning  in  opposite  directions,  with  the  result  that 
the  rods  will  be  all  twisted  up  and  the  pins  bent  or 
broken. 

Q.  Would  it  be  safe  to  proceed  with  a  consolidation 
engine  having  the  eccentrics  fixed  to  the  axle  ahead  of 
the  main  drivers,  in  case  of  a  broken  intermediate  con- 
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necting  or  side  rod?    If  not,  why?    What  would  you  do 
in  a  case  of  this  kind  ? 

A.  It  is  not  safe  to  take  any  chance  in  this  case,  as 
slipping  the  engine  or  moving  the  engine  under  its  own 
steam  will  allow  the  engine  to  get  ahead  of  the  valve 
gear  and  produce  disastrous  results.  The  engine  should 
he  prepared  for  towing  in. 

Q.  In  case  you  should  break  a  forward  tire  on  a  ten- 
wheel  engine,  what  would  you  do  to  enable  the  engine  to 
proceed  ? 

A.  Remove  the  broken  parts,  run' the  wheel  with  the 
broken  tire  up  on  a  wedge,  remove  the  cellar  and  block 
between  the  axle  and  the  pedestal  brace,  and  provide  for 
lubricating  this  axle  as  it  turns  on  the  blocking.  Then 
block  between  the  spring  saddle  and  the  top  of  the  frame 
and  in  this  way  the  weight  will  be  taken  off  from  the 
box,  the  wheel  will  be  swung  high  enough  to  clear  the 
rail  and  the  weight  of  the  journal  carried  on  the  blocking 
which  is  in  place  of  the  oil  cellar.  Cut  out  the  driver 
brake  to  avoid  any  danger  which  might  come  due  to  its 
use. 

Q.  In  case  you  find  it  necessary  to  raise  a  wheel  while 
out  on  the  road  where  jacks  were  not  available,  how 
wouM  you  accomplish  it? 

A.  A  wheel  can  be  raised  when  jacks  are  not  avail- 
able by  running  it  up  on  a  wedge. 

Q.  How  could  you  determine  whether  or  not  the 
wedges  were  set  up  too  tight?  If  the  driving  box 
should  stick  so  that  it  could  not  be  pulled  down  by  means 
of  t/he  adjustment  nut,  how  would  you  proceed  to  force  it 
down  ? 

A.  If  a  driving  box  is  stuck,  due  to  the  wedge  being 
set  up  too  tight,  the  box  will  invariably  run  hot  and  the 
engine  will  ride  very  hard. 
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If  the  wedge  can  not  be  pulled  down  by  means  of  the 
nut  and  screw  used  for  adjustment,  it  may  then  be  got- 
ten down  by  prying  or  sledging,  and  can  many  times  be 
loosened  by  running  that  wheel  over  a  coal  pick  or  bit  of 
iron  and  letting  it  drop  off,  thus  jarring  it  loose. 

Q.  How  would  you  be  able  to  designate  what  wheel 
or  truck  on  the  engine  or  tender  was  meant  in  reporting 
work  to  be  done  thereon? 

A.  Some  roads  have  definite  instructions  about  desig- 
nating the  different  driving  wheels,  truck  wiheels,  and 
tank  wheels.  If  no  such  rule  is  in  force  on  your  road, 
the  best  plan  is  to  explain. definitely  which  wheel.  For 
instance,  "The  back  engine  truck  wheel  on  right  side." 

Q.     State  what  defects  cause  an  engine  to  pound? 

A.  Among  the  various  .things  that  will  cause  an  en- 
gine to  pound  .may  be  mentioned,  brasses  improperly 
keyed;  wedges  not  set  up  tight;  broken  frames;  cylin- 
ders loose  on  frame;  crossheads  or  guides  not  properly 
lined  up;  loose  pistons;  pistons  overtraveling ;  brasses 
too  large  for  pins  or  journals,  etc. 

Q.  How  could  you  locate  a  pound  if  the  defect  ex- 
isted in  the  driving  box  wedges  or  the  rod  brasses  ? 

A.  A  pound  in  driving  boxes  or  rod  brasses  can  be 
located  by  blocking  the  engine  on  the  quarter  and,  with 
the  throttle  open,  throwing  the  reverse  lever  from  for- 
ward to  back  gear.  This  will  show  up  any  lost  motion 
in  the  rods  or  boxes. 

Q.  When  is  it  necessary  to  report  the  crosshead  or 
guides  to  be  lined  up? 

A.  Crossheads  and  guides  should  'be  reported  to  be 
lined  when  they  have  worn  down  so  much  that  there  is 
enough  lost  motion  so  they  are  beginning  to  pound.  Ex- 
perience is  the  only  teacher  in  this  respect. 
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Q.  When  is  it  advisable  to  report  driving  box  wedges 
lined  up? 

A.  Driving  box  wedges  should  be  reported  to  be 
lined  when  they  do  not  set  the  box  up  tigfct  when  they 
are  screwed  clear  up. 

Q.  When  would  you  consider  it  necessary  to  have 
your  rod  brasses  filed? 

A.  Rod  brasses  should  be  reported  to  be  filed  when 
they  are  keyed  line  and  line  or  brass  and  brass  together. 

Q.  Under  what  conditions  would  you  think  it  neces- 
sary to  have  your  rod  brasses  lined  ? 

A.  Rod  brasses  should  be  reported  to  be  lined  when 
driving  key  clear  down  does  not  bring  the  brasses  tight 
against  the  pin. 

Q.     State  when  in  your  opinion  it  is  netessary  to  re- 
port lost" motion  taken  up  between  engine  and  tender? 
A.    Whenever  there  is  any. 

Q.  Upon  what  principle, does  the  locomotive  injector 
work? 

A.  In  general,  the  working  of  an  injector  may  be  de- 
scribed as  follows:  Steam  of  a  certain  pressure  is  al- 
lowed to  flow  through  a  nozzle  which  gives  to  the  steam 
a  high  velocity.  This  steam,  on  leaving  the  nozzle,  passes 
acro^  a  space  which  is  in  connection  with  the  feed  water 
supply,  and  passing  across  this  space  enters  a  second 
nozzle  known  as  a  combining  and  condensing  tube.  The 
passage  of  the  steam  at  high  velocity  across  this  space 
carries  with  it  any  air  the  space  may  contain,  much  as 
a  train  passing  along  at  high  speed  carries  with  it  any 
dust  and  papers  which  lie  in  its  path.  In  other  words, 
this  passage  of  steam  across  this  space  carries  a  vacuum 
above  the  feed  water  and  the  water  rises  to  fill  this 
vacuum,  coming  in  contact,  in  this  manner,  with  the  jet 
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of  steam  and  condensing  it.  The  steam  being  arrested 
in  its  passage  imparts  its  velocity  to  the  water  and  the 
water  and  condensed  steam  flow  together  through  the 
combining  and  condensing  tube  and  through  a  delivery 
tube  against  the  check  valve.  The  combining  tube  is 
shaped  like  a  fire-hose  nozzle  so  that  any  steam  leaving  it 
leaves  it  at  a  high  velocity,  and  this  jet  of  water  striking 
the  check  valve  at  a  high  velocity  has  sufficient  force  to 
raise  the  check  and  force  its  way  into  the  boiler.  The 
pressure  against  which  an  injector  will  work  depends  en- 
tirely on  the  initial  pressure  of  the  steam  and  the  con- 
struction of  the  tubes  in  the  injector. 

Q.  What  would  be  the  probable  cause  if  your  second 
injector  failed  to  work?  What  treatment  should  the  in- 
jector receive  to  overcome  such  failure? 

A.  The  second  injector  generally  fails  because  it  is 
not  used  often  enough  to  keep  it  in  proper  working 
order. 

To  obviate  this  failure  the  second  injector  should  be 
used  part  of  the  time  during  each  trip  made  with  the 
engine. 

Q.  What  points  of  advantage  does  the  combination 
boiler  check  possess  over  the  ordinary  form  of  check 
valve  ? 

A.  A  combination  boiler  cheek  has  one  great  advan- 
tage over  tihe  common  form  of  check,  due  to  the  fact 
that  in  case  the  check  sticks  open  the  escape  of  the  pres- 
sure from  the  boiler  can  be  prevented  by  closing  the  hand 
valve  of  the  combination  check. 

Q.  In  case  the  injector  should  fail  to  work  while  on 
the  road,  what  should  be  done  immediately  ?  How  would 
you  proceed  to  locate  the  trouble? 

A.     If  an  injector  stops  working  while  on  the  road, 
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fter  starting  the  other  injector  the  trouble  with  the 
rst  one  can  be  ascertained.  The  injector  may  not  prime 
r  it  may  prime  all  right  but  fail  to  force,  or  it  may  both 
rime  and  force  but  still  fail  to  take  up  all  the  water.  If 
[le  injector  fails  to  prime  it  is  due  to  one  of  two  causes : 
Lither  there  is  not  a  free  supply  of  feed  water  to  the 
ijector  or  else  the  proper  vacuiun  is  not  being  formed 
1  the  injector.  Make  sure  there  is  water  in  the  tank^ 
hat  the  tank  valve  is  open,  that  the  strainer  and  feed 
•ipe  are  open,  and  that  there  are  no  leaks  in  the  feed 
ipe  of  sufficient  size  to  destroy  the  vacuum.  The  proper 
acuum  may  not  be  formed  in  the  injector,  due  to  the 
act  that  there  is  an  obstruction  in  some  of  the  tubes  or 
liat  the  boiler  check  valve  is  leaking  badly.  If  the  in- 
ector  primes  but  will  not  force,  it  may  be  that  while 
here  is  some  water  being  supplied  to  the  injector,  still 
here  is  not  enough  to  condense  all  the  steam  or  it  is 
ossible  that  the  tubes  are  out  of  line  or  full  of  scale, 
r  that  the  line  check  or  boiler  check  are  stuck  shut.  If 
he  injector  primes  but  does  not  pick  up  all  the  water, 
egulating  the  steam  valve  and  water  valve  to  give  the 
ight  proportion  of  steam  to  water  will  usually  overcome 
his  difficulty. 

Q.  If  the  tank  valve  should  become  disconnected,  how 
ould  you  overcome  the  difficulty  without  stopping? 

A.  A  disconnected  tank  valve  can  be  opened  by  blow- 
ig  steam  back  through  the  feed  pipe. 

Q.  If  complaint  is  made  that  the  cars  were  not  prop- 
rly  heated  and  your  steam  gauge  registered  the  required 
iressure,  how  would  you  proceed  to  locate  the  cause? 

A.  Open  steam  valve  at  rear  of  tank  to  make  sure 
hat  there  is  no  obstruction  in  the  steam  pipe  on  the 
ngine  or  tank,  and  if  there  is  no  obstruction  there  and 
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the  gauge  indicates  proper  pressure,  the  trouble  is  on  the 
train, 

Q.  What  arrangement  is  made  in  the  steam-heat  re- 
ducing valve  whereby  it  is  possible  to  control  the  pres- 
sure ? 

A.  In  the  steam-heat  reducing  valve  there  is  a  dia- 
phragm which  is  held  in  position  by  a  spring,  and  which 
is  connected  directly  to  the  steam  admission  valve  from 
the  boiler  to  the  train  pipe.  The  spring  has  a  sufficient 
tension  to  hold  the  diaphragm  down,  which  in  turn  holds 
the  steam  valve  to  the  train  pipe  open.  This  tension  is 
regulated  by  hand  to  give  any  pressure  desired.  When 
steam  is  turned  into  the  valve  it  flows  directly  through 
this  open  valve  into  the  train  line,  but  in  passing  into  the 
train  line  it  also  is  directly  in  communication  with  the 
bottom  of  this  diaphragm,  and  when  the  pressure  in  the 
train  pipe  is  sufficient  to  overcome  the  tension  of  the 
spring  holding  the  diaphragm  down  it  forces  the  dia- 
phragm back  again  into  its  normal  position,  which  in  turn 
shuts  off  the  steam  valve  to  the  train  pipe,  and  in  this 
manner  the  pressure  is  regulated  to  any  amount  desired 
in-  the  train  pipe,  for  when  the  pressure  again  falls  below 
what  the  tension  of  the  spring  is  set  to,  the  spring  forces 
the  diaphragm  and  valve  open  again,  and  this  process  of 
opening  and  closing  the  valve  is  repeated,  thus  maintain- 
ing a  constant  train-pipe  pressure. 

Q.  State  what  you  would  regard  as  abuse  of  an  en- 
gine. 

A.  Slipping  an  engine  badly;  handling  the  injectors 
improperly ;  allowing  careless  firing  that  is  liable  to  start 
flues  leaking ;  allowing  the  engine  to  run  with  the  wedges 
down  or  the  rods  pounding  badly;  not  paying  proper 
attention  to  the  lubrication  of  the  engine ;  or  anything  of 
a  similar  nature. 
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Q.  What  is  the  best  course  to  prevent  accidents  and 
engine  failures? 

A.    By  careful  inspection  and  handling  of  the  engine. 

Q.  What  final  duties  should  an  engineman  perform 
before  leaving  his  engine? 

A.  The  engine  should  be  carefully  inspected  and  all 
necessary  work  should  be  reported. 

Q.  Upon  arrival  at  a  terminal,  what  precautions 
should  an  engineer  take  to  ascertain  the  condition  of  his 
engine  at  the  end  of  the  run? 

A.  The  engine  should  be  thoroughly  inspected  from 
front  of  pilot  to  back  of  tank.  The  manner  of  inspect- 
ing the  engine  depends  altogether  on  the  man  who  does 
the  inspecting,  but  for  a  man  to  make  sure  that  his  en- 
gine is  all  right  at  the  completion  of  a  run,  he  must 
inspect  everything  thoroughly.  Firebox  for  leaky  flues 
or  leaky  crown  bolts,  wheels,  tires,  boxes,  wedges,  ped- 
estal braces,  driving  springs,  hangers  and  equalizers,  ec^ 
centrics,  rods,  etc. ;  in  fact,  every  part  of  the  engine  must 
be  looked  at  to  make  sure  it  is  all  right. 

Q.  When  reporting  work  on  an  engine,  is  it  sufficient 
to  state  in  a  general  way  the  nature  of  the  defect  to  be 
remedied,  such  as  "engine  blows,"  "pump  won't  work 
right,"  "injector  don't  work  right,"  etc.,  and  if  not,  how 
should  work  be  reported? 

A.  No.  A  sufficient  explanation  of  what  is  wrong 
should  be  given  so  that  there  will  be  no  question  in  the 
minds  of  the  repair  men  about  what  work  is  necessary  to 
be  done. 


♦DONTS 

FOR  ENGINEERS  AND  FIREMEN. 

"First.  Don't  think  because  you  are  only  one  engi- 
neer or  fireman,  that  what  you  do  does  not  amount  to 
much.  It  is  the  little  drops  of  water  that  make  the 
mighty  ocean,  and  the  little  grains  of  sand  that  make 
up  this  earth  of  ours ;  so  each  individual,  in  the  aggre- 
gate, can  do  a  great  deal.  If  each  engine  crew  saves 
one-quarter  of  a  ton  or  five  hundred  pounds  of  coal,  this 
on  a  thousand  locomotives  would  result  in  a  daily  sav- 
ing of  two  hundred  and  fifty  tons,  or  in  round  figures 
$157,000  a  year. 

"Second.  Don't  neglect  being  at  roundhouse  in  ample 
time  to  examine  the  firing  tools  on  the  engine  before 
leaving  the  roundhouse.  See  that  your  ashpan,  grates 
and  flue-sheets  are  in  good  condition  to  make  the  run. 

"Third.  Don't  fill  the  boiler  full  of  water  as  soon 
as  you  get  out  of  the  house.  Leave  a  space  so  the  in- 
jector can  be  worked  to  prevent  popping  while  air  pump 
exhaust  is  fanning  the  fire,  pumping  air  to  make  the  ter- 
minal air  brake  test.  If  you  do  this  your  fire  will  be 
in  better  condition  to  pull  out  with.  The  noise  of  open 
pop  prevents  trainmen  from  locating  leaks. 

''Don't  forget  to  start  the  lubricator  a  few  minutes 
before  leaving  a  terminal.  Set  it  to  feed  regularly.  The 
proper  lubrication  of  valves  and  cylinders  saves  coal. 

''Fourth.  Don't  forget,  when  starting  trains,  to  do 
so  carefully,  thus  preventing  damage  to  drawbars  and 
draft  rigging.    By  so  doing  you  will  save  serious  delays 
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to  your  own  as  well  as  other  trains.     All  delays  mean 
extra  fuel  consumption  to  make  up  time  lost. 

"Don't  neglect  using  the  blow-off  cock,  as  it  keeps  the 
boiler  clean  and  water  in  good  condition,  and  insures 
better  circulation  in  boiler.  Result:  Better  steaming  en- 
gine and  a  saving  in  coal. 

"Fifth.  Don't  allow  the  engine  to  slip.  This  is  an 
unnecessary  waste  of  coal,  wears  out  tires  and  rails, 
causes  great  damage  to  pins,  axles  and  running  gear,  and 
generally  results  in  spoiling  a  fire. 

"Sixth.  Don't  pull  out  of  a  station  with  a  train 
(after  engine  has  stood  for  a  while,  and  fire  was  allowed 
to  get  low)  without  first  giving  the  fireman  a  chance  to 
build  up  the  fire.  The  time  lost  waitmg  to  do  this  will 
save  coal,  and  can  better  be  made  up  before  reaching 
the  next  station.  Remember  this  when  you  get  a  time 
order. 

"Seventh.  Don't  leave  the  reverse  lever  down  in 
corner  longer  than  necessary  when  pulling  out  of  sta- 
tions. No  rule  can  be  made  to  govern  how  the  throttle 
and  reverse  lever  should  be  used.  This  must  be  acquired 
by  practice  and  observing  the  performance  of  the  engine. 
Bring  the  lever  up  gradually  as  speed  is  acquired.  The 
lever  hooked  well  towards  center  of  quadrant,  with  throt- 
tle well  open,  usually  gives  better  results  than  using  the 
throttle  to  govern  the  speed.  Up  to  five  years  ago  we 
considered  it  good  practice  with  our  smaller  power  to 
run  with  wide  open  throttle,  and  as  short  a  point  of  cut- 
off as  possible  consistent  with  weight  of  train ;  but  in  our 
heavier  and  larger  engines  we  find  that  it  is  better  at 
many  times  to  throttle  the  engine.  Particular  attention  is 
called  to  all  wide  firebox  types  of  locomotives.  The 
engineer  can  permit  the  reverse  lever  in  these  engines  to 
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Temaiii  low  in  the  quadrant  when  starting  from  a  station 
for  a  greater  length  of  time  than  with  the  other  types  of 
locomotives  without  pulling  the  fire  or  losing  steam. 
When  you  are  running  on  short  time,  it  would  be  good 
judgment  for  the  engineer  to  take  advantage  of  this 
when  pulling  out  from  a  station.  In  this  engineers  will 
use  their  best  judgment. 

"Eighth.  Don't  put  four  or  five  or  more  shovelfuls 
of  coal  into  the  fire  at  once.  One  or  two  shovelfuls  will 
give  better  results,  and  these  two  should  not  be  thrown 
in  the  same  spot.  It  is  good  practice  to  fire  on  one  side 
of  the  box  at  one  time,  and  the  next  time  on  the  other 
side  of  the  box,  in  order  that  the  bright  fire  on  one  side 
may  take  up  the  gases  from  the  fresh  coal  on  the  other 
side.    This  will  reduce  the  smoke  and  give  more  steam. 

"Always  fire  as  light  as  possible  consistent  with  your 
work.  Very  heavy  firing  will  make  your  flues  and  stay- 
bolts  leak,  and  in  time  will  crack  your  firebox  sheets. 
The  reason  for  this  is  that  when  you  have  a  very  heavy 
fire  the  air  will  not  pass  up  through  it  readily,  and  the 
gases  pass  oif,  because  there  is  not  sufficient  oxygen  to 
unite  with  them  to  produce  combustion,  and  as  the  gases 
must  get  air  from  somewhere,  the  air  is  then  pulled 
through  the  fire-door,  causing  the  chilling  of  flues  and 
sheets  as  referred  to  above. 

"Ninth.  Don't  allow  steam  to  escape  at  pops  un- 
necessarily. Frequent  blowing  off  at  pops  shows  im- 
proper judgment,  and  implies  that  the  engine  crew  is 
not  practicing  economy.  Tests  have  demonstrated  that 
J4  lb.  per  second,  or  15  lbs.  per  minute,  is  wasted.  This 
amounts  to  about  one  ordinary  scoopful,  and  in  most 
cases  may  as  well  have  been  thrown  on  the  ground  as 
into  the  firebox.    There  are  only  133  scoopfuls  in  a  ton 
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of  coal,  SO  you  can  see  that  you  would  only  have  to  have 
your  pops  open  one  hundred  and  thirty-three  mmutes 
in  the  whole  day  in  order  to  throw  a  ton  of  coal  away. 

"Tenth.  Don't  open  the  firebox  door  to  prevent 
steam  blowing  off  at  pops  when  engine  is  working; 
dropping  dampers  is  a  better  practice.  The  supply  of 
air  is  cut  off,  and  combustion  is  partially  suspended. 
When  engine  stops  blowing  off,  open  dampers  again  be- 
fore putting  in  coal.  This  method  keeps  fire  in  better 
condition  and  saves  coal.  You  have  no  doubt  noticed 
that  on  a  certain  class  of  locomotives,  when  working 
hard  on  a  hill,  you  have  to  shut  your  dampers  in  order 
to  keep  your  fire  from  turning  over.  This  is  because  the 
exhaust  pulls  too  much  air  up  through  the  grates,  and 
causes  your  coal  to  be  too  active,  and  to  prevent  this 
activity  of  coal,  as  well  as  increased  combustion  which 
follows,  we  consider  it  a  good  thing  to  drop  your  damp- 
ers, as  per  above. 

"Eleventh.  Don't  insist  upon  having  the  maximum 
steam  pressure  with  pops  opening  occasionally  when 
handling  light  trains,  when  less  pressure  will  handle  the 
train  on  time,  thus  avoiding  the  opening  of  pops. 

"Twelfth.  Don't  forget,  when  engine  is  shut  off  for 
stations,  to  drop  your  dampers,  opening  the  firebox  door 
slightly,  if  necessary,  and  using  the  blower  to  carry  off 
the  black  smoke. 

"Thirteenth.  Dgn't  blame  the  engine  or  coal  if  en- 
gine is  not  steaming  properly,  before  you  have  ascer- 
tained whether  or  not  both  of  you  are  doing  your  duty. 
Talk  it  over ;  see  if  injector  is  not  supplying  more  water 
than  is  being  used,  or  that  fireman  is  not  firing  too  light 
or  too  heavy.  Heavy  firing  is  responsible  for  more  poor 
steaming  engines  than  the  lighter  method.    You  all  know 
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some  engine  crews  have  better  success  than  others,  with 
same  engines  and  conditions.  Think  a  little ;  there  must 
be  some  cause  for  this. 

"Don't  wait  until  you  get  the  signal  to  pull  out  before 
building  up  the  fire.  This  should  be  done  gradually  un- 
til the  proper  thickness  has  been  reached.  A  good  fire 
to  start  with  is  essential  to  maintain  the  proper  steam 
pressure,  while  engine  is  working  hard  getting  train 
under  way.  Afterwards  distribute  the  coal  evenly  on 
sides,  ends  and  corners.  Do  this  systematically,  keeping 
in  mind  where  you  have  placed  the  last  shovelful,  thus 
avoiding  getting  holes  in  fire,  and  prevent  piling  up 
coal  all  in  one  place.  Endeavor  to  keep  the  steam  pres- 
sure uniform,  with  as  little  black  smoke  as  possible.  Ex- 
perience has  taught  that  engines  with  draft  appliances 
properly  adjusted  require  very  little  coal  in  center  of 
firebox. 

'TouRTEENTH.  Dou't  permit  the  water  to  get  so  high 
in  boiler  that  it  is  carried  over  into  the  valves  and  cylin- 
ders. This  usually  occurs  when  pulling  out  of  stations, 
and  the  water  carries  off  the  oil,  which  not  only  results 
in  cut  valves  and  cylinders,  but  the  extra  friction  dam- 
ages the  entire  valve  motion,  to  the  detriment  of  the 
power  of  engine  and  the  coal  record. 

''Don't  gauge  the  amount  of  water  an  engine  will 
safely  carry  by  water  coming  out  of  stack.  Keep  it 
low  enough  to  insure  dry  steam  being  used,  because 
moist  steam  has  the  same  effect  as  water.  Usually  one- 
half  glass  or  two  gauges  give  best  results.  Be  caroful, 
however,  when  ascending  a  grade,  and  you  are  about 
to  pitch  over  the  other  side,  that  you  have  sufficient 
water  to  keep  your  crown-sheet  thoroughly  covered.  If 
your  custom  has  been  to  carry  high  water,  try  less  and 
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note  results  in  better  handling  of  tonnage,  also  saving 
in  coal  and  oil. 

'TiFTEENTH.  Don't  neglcct  to  take  advantage  of 
your  excess  steam  before  your  engine  is  about  to  pop  off, 
by  making  a  heater  of  your  injector,  blowing  steam  back 
into  the  tank  to  warm  the  cold  water,  but  avoid  getting 
it  so  hot  that  the  injector  will  not  lift  the  water.  By 
doing  this  you  will  keep  your  engine  from  blowing  off 
at  pops  when  standing  at  stations  after  the  boiler  is  filled 
up.  You  have  all  tried  warming  the  water  in  the  tank 
to  help  a  poor  steaming  engine,  with  good  results.  What 
is  good  for  a  poor  steaming  engine  will  surely  help  a 
good  steaming  engine  do  better.  Try  it  and  you  will 
find  that  it  will  not  only  save  work  for  the  fireman,  but 
will  make  a  better  coal  record  for  the  engine  crew,  be- 
sides keeping  the  tank  from  sweating,  which  you  are 
aware  spoils  paint. 

"Sixteenth.  Don't  think  the  fireman  alone  to  blame 
for  your  coal  record.  The  best  and  most  economical 
fireman  cannot  make  a  showing  with  an  engineer  who 
supplies  more  water  to  boiler  than  is  being  used,  and 
who  shuts  injector  off  only  when  boiler  is  pumped  full. 
The  proper  handling  of  the  injector  is  one  of  the  most 
important  matters  in  saving  coal.  Feed  water  to  boiler 
according  to  demands.  If  on  through  train  keep  water 
level  as  possible.  If  on  way  freight  or  switch  trains, 
lose  a  little  water  between  stations.  Fill  up  again  while 
drifting  into,  standing  or  switching  at  station.  The  ad- 
vantages of  supplying  less  water  than  is  being  used  be- 
tween stations  are:  It  requires  less  coal  to  keep  up 
steam  pressure  when  running;  also  leaves  a  space  so 
injector  can  be  worked  to  avoid  pops  opening,  and  heav- 
ier fire  can  also  be  maintained  to  do  switching,  without 
the  possibility  of  the  fire  being  pulled. 
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**Don't  pull  out  after  making  a  stop  with  injectors 
working.  The  '  cool  water  introduced  during  period 
throttle  was  shut  ofE  is  put  in  circulation  throughout  the 
boiler,  and  pointer  on  gauge  drops  back  from  five  to 
twenty-five  pounds.  The  fireman  must  then  fire  heavier 
to  regain  the  lost  steam,  and  naturally  will  use  more 
coal.  This  condition  exists  also  when  engine  has  gone 
down  grade  with  throttle  shut  or  slightly  open.  Shut 
the  injector  off  before  opening  the  throttle.  If  this  is 
not  your  practice,  try  it  and  note  the  difference. 

."Seventeenth.  Don't  wait  for  the  pops  to  open  and 
use  this  as  a  signal  to  put  on  the  injector.  Keep  an  eye 
on  the  air  gauge,  steam  gauge  and  water  glass.  You 
all  know  this  can  be  done  without  distracting  your  at- 
tention from  the  track  ahead.  A  look  for  an  instant 
every  mile  or  two  will  keep  you  informed,  and  is  a  good 
habit.  Doing  this  will  also  keep  you  posted  on  air  pres- 
sure, and  may  avoid  difficulties  should  the  air  pump 
stop.  The  'fireman  should  also  keep  an  eye  on  the  water 
glass,  as  the  engineer  is  sometimes  compelled  to  keep  the 
injector  at  work  to  prevent  the  engine  blowing  off. 
When  glass  is  full,  the  fireman  should  fire  lighter,  to  give 
the  engineer  a  chance  to  shut  off  the  injector,  and  not 
have  engine  blow  off.  However,  this  condition  should 
only  exist  when  injector  cannot  be  worked  fine  enough 
to  just  supply  amount  used.  This  sometimes  occurs 
when  card  time  is  slow,  or  on  down  grade,  or  when  run- 
ning with  light  train. 

"Eighteenth.  Don't  put  too  much  coal  under  the 
arch  of  engines  with  sloping  fireboxes,  because  these 
engines  naturally  pull  the  coal  ahead,  which  results  in 
forward  section  of  grates  becoming  stuck  and  clinkered 
over,  and  fire  is  pulled  in  back  end  of  firebox.     Experi- 
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ence  and  observation  will  teach  you  to  put  most  of  the 
coal  in  back  end  of  firebox. 

"Nineteenth.  Don't  think  engine  having  two  fire- 
box doors  requires  twice  the  quantity  of  coal  it  would 
if  engine  had  but  one.  The  extra  door  is  for  the  purpose 
of  distributing 'the  coal  more  evenly  over  the  grate  sur- 
face, with  less  effort  on  the  part  of  the  fireman. 

"Twentieth.  Don't  shovel  large  chunks  of  coal  into 
firebox,  because  you  find  them  on  the  tank.  The  coal 
house  .lien  have  instructions  to  break  it  the  size  of  an 
apple.  If  not  properly  broken,  report  it  to  Road  Fore- 
man of  Engines  or  to  Master  Mechanic,  instead  of  fel- 
low engineers  or  firemen,  but  don't  think  it  a  hardship 
to  break  some  occasionally.  Better  break  it  than  to  throw 
in  large  chunks.    They  are  foundations  for  clinkers. 

"Twenty-first.  Don't  expect  the  fireman  to  fire  the 
engine  with  one  or  two  scoops  to  each  fire,  and  also  ring 
the  bell  for  highway  crossings  and  stations.  Some  en- 
gineers expect  this.  If  engine  is  equipped  with  an  air 
bell-ringer,  get  into  the  habit  of  starting  the  bell-ringer 
when  blowing  the  whistle.  By  so  domg,  the  habit  will 
become  as  fixed  as  whistling  for  crossings  and  stations. 
Besides,  it  is  just  as  important.  Remember  the  engineer 
is  responsible. 

"Twenty-second.  Don't  put  in  a  heavy  fire  about 
the  time  the  engine  is  shut  off  for  a  station  or  down- 
grade. The  heavy  cloud  of  black  smoke  is  evidence  the 
engine  crew  is  not  working  in  harmony  or  practicing 
economy.  If  on  train  that  stops  at  all  stations,  the  fire- 
man should  guard  against  it  and  learn  when  to  stop 
firing.  He  will  be  governed  by  grade,  service  and  weather 
conditions.  If  train  does  not  make  all  station  stops,  the 
engineer  should  keep  the  fireman  informed  of  intended 
stops. 
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"Twenty-third.  Don't  forget  that  different  qualities 
of  coal  and  different  make  of  grate  used,  govern  the 
shaking  of  grates.  Coal  that  fills  up  and  clinkers,  re- 
quires more  attention  than  the  better  grade.  The  object 
is  to  keep  the  grates  free,  so  the  proper  amount  of  air 
can  be  admitted. 

'Twenty-fourth.  Don't  neglect  cleaning  your  fire 
on  trains  that  are  long  hours  on  the  road.  Make  use  of 
the  first  opportunity.  You  will  get  better  results  with 
less  labor  and  coal,  and  avoid  leaky  flues.  Better  clean 
out  a  small  amount  two  or  three  times  than  not  clean  it 
at  all. 

'^ Don't  take  coal  or  water  oftener  than  necessary,  as 
it  requires  an  extra  amount  of  coal  to  again  get  a  heavy 
train  in  motion,  especially  on  a  grade.  Good  judgment 
is  required  in  order  not  to  run  short  before  getting  to 
next  coal  chute  or  water  tank.  Where  possible  take 
water  only  from  tank  containing  good  water,  and  as 
little  as  you  can  from  tanks  containing  poor  water. 

"Twenty-fifth.  Don't  forget  that  leaks  in  the  air 
pressure  are  being  kept  up  by  an  equal  amount  of  steam 
pressure.  As  it  takes  coal  to  make  steam,  air  leakage 
means  a  waste  of  coal.  Keep  apparatus  on  your  engine 
tight,  and  insist  on  trainmen  doing  their  part. 

"Twenty-sixth.  Don't  try  to  put  more  coal  on  tank 
than  will  die  on  it  securely.  All  coal  dropped  off  by 
overloading  is  wasted.  Also  keep  coal  from  falling  out 
of  gangway  when  running.  This  may  be  only  a  little 
each  day,  but  it  all  counts  against  your  coal  records ;  be- 
sides it  looks  badly  when  strewn  along  the  tracks.  You 
can  not  save  coal  by  the  ton ;  it  must  be  in  pounds,  which 
in  time  make  tons. 

"Twenty-seventh.  Don't  forget  to  make  an  intelli- 
gent report  on  your  work  slip  on  arrival  at  Round  house 
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Consult  your  fireman  in  regard  to  any  defect  that  has 
come  to  his  notice,  especially  with  grates,  dampers  or 
firing  tools. 

"Twenty-eighth.  Don't  neglect  reporting  the  pop 
valves  ground  in  when  leaking  or  when  they  blow  back 
eight  or  ten  pounds  before  seating.  Also  report  leaky 
piston  rod  and  valvcf  stem  packings,  or  if  cylinder  pack- 
ing or  valves  are  blowing.  All  these  leaks  draw  on  the 
coal  pile  unnecessarily;  it  takes  coal  to  generate  the 
wasted  steam.  This  also  applies  to  leaky  steam  heat 
appliances,  cylinder  cocks,  etc. 

'Twenty-ninth.  Don't  neglect  looking  at  coal  re- 
port each  month  to  see  how  you  stand  in  relation  to 
others  in  same  service  with  whom  you  are  comparable. 
The  other  crews  get  the  same  pay  you  do,  and  it  should 
be  your  aim  to  be  as  economical  with  both  fuel  and  sup- 
plies as  they  are,  other  things  being  equal.  Keep  posted 
and  be  with  the  average.  It  will  be  to  your  credit  and 
interest  some  time ;  therefore  aim  to  be  at  the  top. 

"Thirtieth.  Don't  think  when  coal  report  shows  you 
using  only  two  pounds  more  per  lOO  ton  mile  than  other 
crews  in  same  service,  it  is  close  enough.  This  means 
two  pounds  more  used  for  every  mile  you  hauled  lOo 
tons — or  another  way,  two  pounds  for  every  loo  tons 
hauled  one  mile.  Figure  this  up  and  you  will  find  in 
hauling  i,ooo  tons  lOO  miles,  a  difference  of  2,000 
pounds  or .  one  ton.  This  method  of  showing  up  the 
individual  record  is  more  equitable  to  all  than  on  basis  of 
mile  run  per  ton  of  coal. 

"Thirty-first.  Don't  think,  after  reading  over  this 
chapter  of  "Don'ts"  you  should  save  coal  to  the  detri- 
ment of  the  service.  The  actual  amount  required  to 
make  up  time,  keep  on  time,  or  handle  tonnage,  is  not 
what  we  are  trying  to  save ;  it  is  the  waste." 


CATECHISM  ON  BREAK-DOWNS. 

Question  i. — If  an  engine  pounded  when  steam  was 
shut  off,  what  would  it  indicate? 

Answer  i. — Flat  drivers,  loose  follower  bolt,  main  rod 
too  short  or  too    long. 

Question  2. — ^What  would  you  do  in  case  of  a  broken 
trailer  equalizer? 

Answer  2. — Raise  the  back  end  of  the  engine  and  pry 
down  the  back  end  of  main  spring  and  block  between 
hanger  and  frame ;  then  pull  down  the  cross  equalizer  on 
that  side  and  block. between  the  top  of  trailer,  the  equal- 
izer and  the  frame  to  hold  it  there. 

Question  3. — How  would  you  block  up  for  broken 
trailer  tire? 

Answer  3. — Run  the  trailer  wheel  up  on  a  wedge  a 
little  higher  than  the  thickness  of  tire,  remove  cover 
from  trailer  box,  takeout  cellar  and  place  a  block  between 
bottom  of  journal  and  the  box,  place  a  block  between 
bottom  of  box  and  pedestal  and  block  cross  the  equalizer 
up  in  safety  hanger,  or  chain  it  to  frame,  place  a  tie  or 
rail  over  deck  of  engine  and  chain  trailer  frame  to  tie, 
by  the  use  of  wedges  the  slack  can  be  taken  up  in  the 
chain. 

Question  4. — How  would  you  proceed  to  block  up  for 
a  broken  driver  spring,  spring  hanger  or  equalizer  on  the 
Atlantic  type  (4-4-2  class)  of  engine?  How  for  a  broken 
trailer  or  hanger  ? 

Answer  4. — For  main  spring,  run  main  driver  up  on  a 
wedge,  block  up  back  end  of  front  equalizer  and  block 
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back  end  of  back  equalizer,  run  main  driver  down  and  run 
the  front  driver  up,  and  put  a  block  between  the  top  of 
main  driving  box  and  the  bottom  of  frame.  If  front 
driving  spring,  run  main  driver  on  wedge  high  enough  to 
block  between  top  of  front  driving  box  and.  bottom  of 
frame,  run  main  wheel  down  and  front  wheel  up,  this  will 
free  the  spring  rigging  and  permit  blocking  between  front 
end  of  forward  equalizer  and  top  of  bottom  frame.  For 
trailer  spring,  raise  frame  and  cross  equalizer  by  placing 
a  block  between  a  tie  and  the  bottom  frame,  and  another 
block  between  the  end  of  cross  equalizer  and'  tie,  move 
engine  on  these  blocks  very  carefully,  put  tie  across  top 
of  trailer  box  in  place  of  spring  and  chain  back  end  of 
tie  to^railer  frame,  and  front  end  to  cross  equalizer.  For 
front  trailer  spring  hanger,  chain  across  equalizer  to  end 
of  spring.  If  back  hanger,  block  between  water  leg  of 
fire-box  and  spring,  raise  engine  up  same  as  for  broken 
spring. 

Question  5. — What  would  you  do  in  case  of  a  loose  or 
a  lost  cylinder  key? 

Answer  5. — Replace  it  with  a  suitable  piece  of  iron, 
such  as  rod  key,  spike,  etc. 

Question  6. — Name  the  different  parts  of  the  engine 
that  operate  and  control  the  valve  motion. 

Answer  6. — Reverse  lever,  reach  rod,  reversing  arm, 
tumbling  shaft,  lifting  arms,  link  hanger,  link  saddle  pin 
and  link,  link  block,  link  block  pin,  eccentrics,  eccentric 
blade,  rocker  arms,  valve  rod  and  stem,  valve  yoke  and 
valve. 

Question  7. — How  often  does  the  ordinary  locomotive 
exhaust  steam  during  a  revolution  of  the  driving  wheels, 
and  at  what  point  does  the  exhaust  take  place? 

Answer    7. — The   ordinary   locomotive   has    four   ex- 
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hausts.  When  the  right  hand  crosshead  has  moved  back 
from  the  forward  center  to  nearly  the  middle  of  the 
guides,  the  left  engine  is  exhausting  on  its  forward  stroke. 
When  the  right  hand  crosshead  reaches  close  to  back  end 
of  guides,  the  right  engine  is  exhausting  on  its  backward 
stroke.  When  the  crosshead  returning  reaches  near  the 
middle  of  the  guides,  the  left  engine  is  exhausting  on 
backward  stroke,  and  when  the  crosshead  reaches  close  to 
the  forward  end  of  the  guides,  the  right  hand  engine  ex- 
hausts on  the  forward  stroke. 

Question  8. — What  is  a  by-pass  valve,  and  what  are 
its  uses? 

Answer  8. — The  by-pass  valve  is  a  small  valve  similar 
to  the  check  valve  located  on  each  end  of  the  steam  chest 
for  the  purpose  of  overcoming  excessive  compression. 
It  is  connected  with  the  live  steam  side  of  the  valve,  and 
the  steam  port  between  the  valve  and  the  cylinder.  It 
is  held  on  its  seat  by  boiler  pressure  and  unseated  when 
the  compression  in  the  cylinder  is  greater  than  the  boiler 
pressure. 

Question  9. — ^If  a  by-pass  valve  was  broken,  how  would 
you  test  for  it? 

Answer  9. — A  broken  by-pass  valve  will  cause  a  heavy 
blow  at  the  stack  when  the  exhaust  port  is  open.  Cover 
the  exhaust  port  with  the  valve  and  if  the  blow  ceases  it 
indicates  a  by-pass  valve  blow. 

Question  10. — ^What  is  a  balance  slide  valve? 

Answer  10. — It  is  a  valve  from  which  the  steam-chest 
pressure  is  withheld  from  part  of  the  top  of  valve. 

Question  11. — How  is  it  balanced  and  why? 

Answer  11. — The  types  of  valves  are  the  Richardson, 
American  and  the  piston  valve.  There  is  a  face  plate 
on  the  bottom  side  of  the  steam  chest  cover  to  both  the 
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American  and  Richardson  valves,  parallel  with  the  top 
of  valve  and  about  1-16  inch  above  it.  The  lower  face 
planed  smooth.  The  top  edges  of  the  Richardson  balance 
valve  have  grooves  in  which  the  packing  strips  are  set  and 
are  held  up  against  the  balance  plate  by  springs.  The  dif- 
ference between  the  American  and  the  Richardson  valves 
is  in  the  balance.  In  the  American  valve,  beveled  rings 
are  used  instead  of  strips.  The  rings,  which  are  made 
circular  in  form,  have  their  inner  face  beveled  to  suit  the 
bevel  of  the  cone  on  top  of  the  valve  in  which  each  ring 
is  placed,  and  each  ring  is  cut  to  make  it  flexible.  The 
rings  are  turned  up  slightly  smaller  than  the  cone  upon 
which  they  set,  so,  when  they  are  forced  to  position 
by  the  steam  chest  cover,  they  are  expended  slightly  by 
the  beveled  face  of  the  cone.  When  the  steam  is  ad- 
mitted to  the  chest  it  exerts  a  force  on  the  entire  outside 
face  of  the  ring.  This  causes  the  ring  to  press  more 
firmly  against  the  cone  and  balance  plate,  which  makes  a 
steam  tight  joint.  Piston  valves  are  balanced  by^  steam, 
it  being  nearly  equal  on  all  sides.  Valves  are  balanced 
for  the  purf>ose  of  reducing  friction  between  the  rubbing 
surfaces. 

Question  12. — ^What  is  the  hole  drilled  in  the  top  of 
the  valve  for? 

Answer  12. — The  hole  drilled  through  the  top  of  the 
valve  into  the  exhaust  cavity  is  for  the  purpose  of  re- 
lieving the  top  of  the  valve  of  any  steam  that  might  pass 
the  packing  rings  or  strips. 

Question  13. — In  the  event  of  a  valve,  valve  stem  or 
yoke  becoming  broken  inside  the  steam  chest,  how  can  the 
breakage  be  located? 

Answer  13. — Place  engine  at  half  stroke,  admit  a  little 
steam  to  cylinder;  then  move  the  reverse  lever  from  full 
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forward  to  full  back  gear,  and  if  steam  will  escape  al- 
ternately from  both  cylinder  cocks,  would  conclude  that 
the  defects  were  in  the  opposite  chest  and  then  try  that 
side. 

Question  14. — After  having  determined  on  which  side 
the  defect  is,  how  would  you  put  the  engine  in  safe  con- 
dition ? 

Answer  14. — For  broken  valve,  if  I  could  cover  one 
admission  port  and  e5chaust  port,  would  disconnect 
the  valve  stem  and  clamp  centrally  on  seat.  Disconnect 
the  main  rod  and  block  the  crosshead  to  opposite  end  of 
guides.  If  exhaust  and  admission  ports  cannot  be  cover- 
ed, take  up  the  chest  cover  and  block  the  supply  ports.  If 
on  heavy  power,  take  down  the  main  rod  and  prepare  to 
be  towed  in,  as  some  of  the  pieces  might  work  into  the 
cylinder  and  do  further  damage. 

Question  15. — If  on  a  piston  valve  engine? 

Answer  15. — If  stem  or  yoke  is  broken,  and  chest 
will  keep  valve  from  going  too  far  ahead,  it  will  cover 
front  admission  port  and  exhaust  port;  disconnect  valve 
stem  and  shove  it  up  against  valve  and  clamp  it  there, 
take  down  main  rod,  block  crosshead  to  opposite  end  of 
guides  to  which  admission  port  is  open.  If  valve  goes  too 
far  ahead,  and  there  is  a  relief  valve  in  front  of  the 
chest,  take  it  out  and  shove  the  valve  back  centrally  on 
its  seat ;  fit  a  block  in,  to  hold  from  going  ahead,  and 
clamp  the  stem  up  against  it  to  keep  it  from  going  back. 
If  piston  valve,  take  off  head  to  chest,  and  if  the  valve 
is  not  broken  too  badly,  place  it  centrally  on  its  seat,  and 
block  from  the  head  to  the  valve  to  keep  it  from  going 
ahead;  disconnect  the  valve  stem  and  clamp  it  against 
the  valve  to  keep  it  from  going  back.  If  the  valve  is 
broken  so  badly  that  you  cannot  keep  steam  from  the 
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exhaust,  take  down  the  main  rod  and  prepare  to  be  towed 
in.  If  stem  on  piston  valve,  plumb  the  rocker  arm  and 
disconnect  valve  stem  and  clamp  it,  then  shove  valve  back 
against  the  stem  and  block  between  valve  and  head. 

Question  i6. — If  a  locomotive  is  disabled  on  one  side, 
and  the  main  rod  and  the  piston  are  left  up,  and  the  good 
engine  stops  on  center,  how  can  you  get  the  locomotive 
started  ? 

Answer  i6. — Move  the  valve 'on  the  disabled  side  by 
hand,  giving  the  engine  enough  steam  to  move  her  off 
center. 

Question  17. — How  can  you  distinguish  between  a 
valve,  cylinder  packing,  or  valve  strip  blow ;  and  how  lo- 
cate which  side  it  is  on? 

Answer  17. — ^A  valve  blow  is  continuous,  cylinder 
packing  will  blow  the  hardest  at  the  beginning  of  the 
stroke.  Place  valve  centrally  on  its  seat,  giving  engine 
steam,  and  if  it  appears  at  either  cylinder  cock,  it  is  a 
valve  blow.  For  cylinder  packing  blow,  place  lever  in  full 
gear,  engine  on  the  quarter  and  give  engine  steam ;  if  it 
appears  at  the  opposite  cylinder  cock,  it  indicates  cylinder 
packing  blow.  A  valve  strip  is  a  continuous  blow,  sound- 
ing as  though  the  blower  was  on  quite  strong.  The  side 
it  is  on  can  be  located  on  engines  that  have  pipes  or  drain 
cocks  tapped  onto  the  exhaust  cavity  under  the  saddle  by 
giving  engine  a  little  steam  when  standing,  and  steam  will 
blow  out  of  pipe  on  whichever  side  the  leak  is.  This 
kind  of  blow  can  also  be  located  by  the  increased  fric- 
tion, which  will  cause  the  valve  stem  on  that  side  to  jerk 
when  in  motion ;  or  it  may  be  located  by  placing  the  crank 
pins  on  the  quarter  alternately  and  handling  the  reverse 
lever  under  steam  pressure ;  the  blow  will  be  on  the  side 
which  handles  the  hardest. 
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Question  i8. — ^What  would  you  do  if  the  packing  blew 
out  of  the  throttle  stuffing  box  ? 

Answer  i8. — ^Reduce  steam  pressure  and  repack  the 
,  stuffing  box  with  candle  wicking,  bell  cord,  or  anything 
suitable  to  stop  the  flow  of  steam  and  water. 

Question  19. — Explain  why  moving  the  reverse  lever 
from  one  end  of  the  quadrant  to  the  other  reverses  the 
motion  of  the  engine. 

Answer  19. — ^With  the  reverse  lever  in  forward  gear, 
the  link  is  below  the  center  line  of  motion  and  the  go- 
ahead  eccentric  controls  it;  with  the  lever  in  back  gear 
the  link  is  raised  above  the  center  line  of  motion  and  the 
back-up  eccentric  controls  it. 

Question  20. — ^What  is  the  throw  of  an  eccentric? 

Answer  20. — That  part  which  is  out  of  center  with  the 
axle  to  which  it  is  attached. 

Question  21. — ^With  an  engine  equipped  with  grease  in 
the  driving  box  cellars,  how  would  you  know  that  there 
was  sufficient  grease  in  the  cellar  to  make  the  trip?  If 
it  needed  packing  on  the  road,  how  would  you  proceed 
to  pack  it? 

Answer  21. — By  the  indicators  in  the  bottom  of  the 
cellar.  By  pulling  down  on  the  indicators  which  com- 
presses the  spring,  remove  plate  on  side  of  the  cellar  and 
refill  with  grease,  being  careful  to  get  it  between  the  per- 
forated plates  and  the  plate  on  top  of  spring. 

Question  22. — Explain  how  you  would  adjust  the 
grease  cups  to  get  the  best  results,  and  effect  the  greatest 
economy  in  the  use  of  grease. 

Answer  22. — ^Grease  cups  should  be  filled  to  within 
one-half  inch  of  the  top;  care  should  be  exercised  in 
screwing  down  the  plug  not  to  force  too  much  grease  onto 
the  pin.    A  good  practice  is  to  first  try  the  rod  on  the 
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pin ;  if  it  moves  freely  screw  the  plug  down  until  you  feel 
the  rod  commence  to  move  hard ;  you  then  have  sufficient 
grease  on  the  pin  to  run  over  the  division. 

Question  23. — In  reporting  work  on  any  wheel  or  truck 
of  engine  or  tank,  how  should  you  designate  by  number 
which  one  is  meant? 

Answer  23. — Beginning  with  the  first  wheel  behind  the 
pilot  as  No.  I  and  following  to  the  rear  wheel  of  tank, 
not  including  the  drivers,  designate  them  in  their  numer- 
ical order  and  using  the  letters  ^^R"  and  "L"  to  indicate 
the  side  of  engine  on  which  they  are. 

Question  24. — ^What  would  be  the  result  if  guides  and 
crossheads  are  not  in  line? 

Answer  24. — Danger  of  guides  heating  and  cutting, 
also  breaking  off  of  guide  lugs  on  back  cylinder  heads, 
cylinder  wearing  out  of  round  and  main  rod  brasses 
heating. 

Question  25. — Why  should  the  sand  from  both  sand 
pipes  strike  the  rail? 

Answer  25. — To  avoid  straining  the  engine  on  one  side 
more  than  on  the  other  and  to  prevent  uneven  wear  of 
tires. 

Question  26. — ^What  is  superheated  steam? 

Answer  26. — Superheated  steam  is  steam  heated  to  a 
higher  temperature  than  the  water  from  which  it  is  gen- 
erated. 

Question  2*], — How  is  it  superheated  and  what  benefits 
are  derived  from  it? 

Answer  2y, — It  is  superheated  by  passing  through  a 
3ystem  of  tubes  which  are  exposed  to  the  fire  and  the  hot 
gases  in  the  front  end  and  give  it  more  expansive  power. 

Question  28. — How  is  the  boiler  of  the  locomotive  con- 
nected to  the  frames? 
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Answer  28. — The  front  end  of  the  boiler  and  the 
frames  are  securely  fastened  to  the  cylinder  saddles, 
again  about  midway  back,  the  boiler  is  secured  to  the 
frames  by  belly  braces  to  prevent  side  motion  but  not  ex- 
pansion, and  at  the  fire-box  side  motion  is  alsQ  prevented. 
The  fire-box  end  of  the  boiler  is  carried  on  the  frames 
by  expansion  plates  or  by  expansion  hangers,  as  the  case 
may  be,  but  is  free  to  move  backward  and  forward  on 
the  frames  as  expansion  and  contraction  take  place.  If 
the  frames  were  as  hot  under  steam  pressure  as  is  the 
boiler,  the  fire-box  end  of  the  boiler  could  be  rigidly  at- 
tached to  the  frames. 

Question  29. — With  an  ordinary  sized  locomotive 
boiler  how  much  will  the  fire-box  move  on  the  frames? 

Answer  29. — ^About  three-eighths  to  one-half  of  an 
inch. 

Question  30. — Are  the  cylinders  fastened  rigidly  to  the 
frames  ? 

Answer  30. — Yes;  in  fact  they  are  generally  a  part  of 
the  saddle  castings. 

Question  31. — ^Are  the  driving  wheel  axles  secured  rig- 
idly to  the  frames? 

Answer  31. — No;  the  driving  boxes  riding  these  axles 
can  move  up  and  down  to  permit  the  wheels  to  conform  . 
to  the  inequalities  of  the  track  but  are  rigidly  held  against 
forward  and  back  motion  by  shoes  and  wedges  bearing 
against  the  jaws  of  the  frames. 

Question  32. — ^Are  the  frames  supported  directly  by 
the  driving  boxes? 

Answer  32. — No;  the  driving  boxes  support  springs, 
the  ends  of  which  are  fastened  to  the  frames  directly  or 
through  equalizers. 

Question  33. — What  is  the  purpose  of  the  equalizers? 
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Answer  33. — ^To  always  retain  same  weight  upon  each 
driving  box,  even  when  one  wheel  strikes  a  high  or  low 
spot  in  the  track.  They  make  an  engine  ride  more  easily 
on  rough  track. 

Question  34. — How  hot  should  you  have  engine  oil  to 
oil  around  with  in  winter? 

Answer  34. — ^No  hotter  than  blood  heat — 98  degrees— 
and  if  oil  is  then  too  thick  to  nm  well,  thin  it  down  with 
kerosene. 

Question  35. — ^What  is  the  harm  of  thinning  it  by  heat- 
ing it  very  hot? 

Answer  35. — ^As  soon  as  it  strikes  the  cold  surfaces  it 
will  thicken  and  not  feed  properly  to  the  bearings. 

Question  36. — ^When  wedge  bolts  are  broken  so  that 
you  have  to  slip  in  an  extra  nut  between  the  wedge  and 
the  binder,  or  splice  the  bolt  by  running  half  of  the  nut 
on  each  side,  should  the  wedge  be  set  up  tight? 

Answer  36. — It  should  be  left  down  a  trifle,  for  it  is 
better  to  have  the  box  pound  a  little  than  to  run  the  risk 
of  having  the  wedge  stick  on  the  box  and  get  pulled  up 
and  stick  fast  with  no  means  of  pulling  it  down. 

Question  37. — ^What  trouble  is  likely  with  broken 
wedge  bolts? 

Answer  37. — ^Wedge  is  likely  to  stick  to  the  box  on 
rough  track  and  be  pulled  up  so  high  as  to  stick  and  cause 
the  box  to  run  hot. 

Question  38. — ^What  would  be  the  effect  of  broken  cyl- 
inder packing? 

Answer  38. — Steatn  when  admitted  to  one  end  of  the 
cylinder  would  blow  by  the  piston  and  show  at  the  other 
end  of  the  cylinder,  if  the  cylinder  cocks  are  opened. 

Question  39. — ^What  is  meant  by  "snap-ring"  packing? 

Answer  39. — ^A  circular  ring  usually  of  cast  iron  and 
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cut  at  one  point.  This  ring  is  opened  up  and  snapped 
over  a  solid  piston  or  applied  each  side  of  the  bullring 
in  a  made-up  piston.  Such  rings  are  made  from  one- 
eighth  to  one- fourth  of  an  inch  larger  outside  diameter 
than  the  cylinder  and  a  piece  cut  out  so  that  the  ends  will 
just  touch  when  compressed  in  the  cylinder. 

Question  40. — ^When  such  rings  are  first  applied  to  a 
cylinder  why  do  they  often  permit  steam  to  blow  by  for 
a  short  time? 

Answer  40. — Because  they  generally  have  to  wear 
slightly  before  they  conform  perfectly  to  the  shape  of  the 
cylinder. 

Question  41. — If  a  ring  becomes  worn  until  it  has  a 
smaller  outside  diameter  than  that  of  the  cylinder  what 
will  be  the  result? 

Answer  41. — It  will  allow  steam  to  blow  by  the  piston, 
but  not  always  at  high  steam  pressures.  The  engine  will 
be  wasteful  of  steam,  and  yet  if  tried  under  high  steam 
pressure  may  set  the  packing  out  sufficiently  to  prevent  a 
blow.  With  such  an  engine  under  short  cut-off,  when  the 
steam  had  expanded  somewhat  in  the  cylinder  the  pres- 
sure would  not  hold  the  packing  rings  in  place  and  steam 
would  blow  by.  Test  such  an  engine  under  low  steam 
pressure. 

Question  42. — ^What  would  be  the  "symptoms"  in  the 
above  case? 

Answer  42.T— The  engine  may  have  made  several  thou- 
sand miles  since  shopping  and  used  steam  economically 
and  then  lose  her  "snap"  and  apparently  through  at  early 
cut-off  and  high  speed.  By  dropping  the  lever,  thus  in- 
creasing the  pressure  behind  the  snap  rings  during  the 
entire  stroke,  the  blow  ceases. 
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Question  43. — What  will  be  the  result  if  brasses  are 
not  kept  keyed  up  properly? 

Answer  43. — They  will  wear  rapidly  and  often  break 
themselves.  Any  serious  pound  about  a  locomotive  is 
liable  to  loosen  various  parts  of  the  engine. 

Question  44. — Is  it  safe  to  key  up  side  rods  with  the 
wedges  down  or  loose? 

Answer  44. — It  is  not;  the  wedges  should  be  first  set 
up  or  you  are  likely  to  key  the  rods  out  of  tram. 

Question  45. — Would  you  set  up  wedges  as  tight  on  a 
passenger  engine  as  on  a  freight  engine? 

Answer  45. — No;  on  a  passenger  engine  most  men 
prefer  to  set  them  up  a  little  at  a  time.  • 

Question  46. — Would  the  condition  of  the  track  make 
any  difference? 

Answer  46. — Yes,  on  rough  track  wedges  are  more 
likely  to  stick  if  set  up  tight. 

Question  47. — What  will  be  the  result  if  an  engine  is 
out  of  tram? 

Answer  47. — She  will  ride  hard,  having  a  hitch  every 
time  the  rods  pass  the  center,  the  pins  are  likely  to  heat 
and  considerable  of  the  engine's  power  be  wasted. 

Question  48. — If  you  felt  a  pound  after  keying  up  the 
main  rod  what  is  likely  the  cause? 

Answer  48. — Probably  the  main  rod  is  too  long  and  al- 
lows the  piston  to  strike  the  front  cylinder  head.  Such  a 
pound  is  most  noticeable  when  steam  is  shut  off  and  the 
engine  drifting  as  there  is  then  less  compression  to  coun- 
teract this. 

Question  49. — How  could  you  shorten  a  main  rod? 

Answer  49. — By  changing  a  thin  liner  from  the  end  of 
the  rod  to  the  back  of  the  strap.  Such  work  is  usually 
done  at  roundhouses  by  the  machinists  and  repairmen. 
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Question  50. — Will  a  loose  pedestal  brace  or  bolt  cause 
an  engine  to  pound  ? 

Answer  50. — It  will,  and  if  not  attended  to  is  likely  to 
break  the  frame. 

Question  51. — With  a  follower  bolt  loose,  what  will  be 
the  effect? 

Answer  51. — It  will  cause  a  pound  at  the  forward  end 
of  the  stroke  when  it  strikes  the  front  cylinder  head. 
Shutting  off  steam,  as  in  the  case  of  too  long  a  main  rod, 
will  increase  the  pound. 

Question  52. — Is  it  safe  to  run  with  a  loose  follower 
bolt? 

Answer  52. — It  is  not,  as  it  is  likely  to  come  out,  knock 
out  the  front  cylinder  head,  and  perhaps  break  the  piston 
and  cylinder.  Work  a  little  steam  and  try  to  get  to  the 
next  siding  if  the  pound  does  not  increase  and  there  take 
off  the  cylinder  head  and  remove  the  bolt,  unless  you  have 
a  good  wrench  with  which  to  tighten  it. 

Question  53. — If  for  any  reason  you  should  have  occa- 
sion to  open  the  front  end  door,  how  would  you  proceed 
to  tighten  up  the  clamps? 

Answer  53. — Close  the  door,  tighten  the  bottom  clamp 
first,  then  the  clamps  on  either  side;  the  top  one  last,  so 
that  if  the  door  or  ring  is  warped  any  leakage  will  be  at 
the  top  of  door,  and  though  injurious  in  a  degree  to  the 
draft  of  the  engine,  still  it  will  not  cause  the  cinders  in 
the  front  end  to  burn. 

Question  54. — ^What  is  wrong  when  the  throttle  be- 
comes disconnected,  and  what  could  you  do  if  on  a  branch 
line  a  long  distance  from  the  shops? 

Answer  54. — One  of  the  pins  has  probably  come  out  of 
or  broken  from  the  bell  crank  or  the  stem,  or  the  throttl<* 
valve  rod  is  broken.     Blow  all  the  steam  off  the  boil 
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take  up  dome  cap,  discover  the  defects,  send  it  in  for  re- 
pairs or  better  still  fix  it  yourself  at  the  nearest  black- 
smith shop.  In  early  days  of  railroads  in  this  country, 
enginemen  frequently  did  such  extensive  repairs  as  this 
themselves. 

Question  55. — Will  any  defects  in  the  front  end  cause 
an  engine  to  sound  out  of  square? 

Answer  55. — Yes;  exhaust  pipe  joint  blown  out  on 
one  side  or  one  tip  of  a  double  nozzle  blown  out.  Some- 
times a  womout  petticoat  will  also  cause  this. 

Question  56. — ^What  term  is  used  where  an  engine  has 
no  lead? 

Answer  56. — The  engine  is  called  "blind." 

Question  57. — ^What  will  be  the  effect  if  the  eccentric 
has  slipped  toward  the  crank  pin  on  that  side? 

Answer  57. — The  amount  of  lead  will  be  increased,  and 
hence  steam  admitted  to  the  cylinder  con^derably  before 
the  piston  gets  to  the  end  of  its  stroke. 

Question  58. — ^What  will  be  the  effect  if  the  eccentric 
has  slipped  away  from  the  crank  pin  on  that  side  ? 

Answer  58. — The  lead  will  be  taken  away,  and  if 
slipped  much,  the  piston  may  have  started  on  its  return 
stroke  before  steam  is  admitted. 

Question  59. — How  can  you  tell  which  is  the  go-ahead 
and  which  is  the  back-up  eccentric  ? 

Answer  59. — ^The  go-ahead  eccentric  is  attached  to  the 
top  of  the  link,  the  back-up  to  the  bottom,  on  all  ordinary 
locomotives. 

Question  60. — What  other  aid  have  you  to  find  a 
slipped  eccentric  or  rod  after  you  have  stopped? 

Answer  60. — If  I  found  one  eccentric  hot  or  the  set 
screws  loose,  would  consider  that  first. 

Question  61. — If  only  one  eccentric  has  slipped,  how 
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can  you  tell  what  its  position  should  be  in  reference  to 
the  other  eccentric? 

Answer  6i. — The  go-ahead  eccentric  on  one  side 
should  be  exactly  ninety  degrees  or  at  right  angle  to  the 
other  go-ahead  eccentric,  and  the  relative  position  of 
the  back-up  eccentric  is  the  same.  Whichever  crank 
pin  of  the  engine  leads,  the  eccentric  on  that  side  leads  the 
opposite  one.  This  answer  is  true  for  all  kinds  of  valve 
motion. 

Question  62.; — ^How  can  you  set  an  eccentric  on  the 
road  by  means  other  than  its  relative  position  to  the  other, 
or  to  the  crank  pin? 

Answer  62. — Place  the  engine  on  either  center  on  the 
defective  side.  Put  the  lever  in  full  gear  for  the  good  ec- 
centric and  with  a  knife  mark  the  valve  stem  close  to 
the  gland.  Now  place  the  lever  in  equally  full  gear 
(gauging  by  the  link  block)  in  the  opposite  direction,  and 
then  move  the  loose  eccentric  around  on  the  shaft  until 
the  strap  on  the  valve  stem  comes  even  with  the  gland 
again.  Another  way  is  to  put  the  engine  on  center  on 
that  side,  put  the  reverse  lever  in  full  gear  for  that  mo- 
tion, set  the  brake  and  block  wheels  securely;  have  the 
fireman  open  the  throttle  slightly  while  you  move  the 
slipped  eccentric  in  the  opposite  direction  from  the  one 
next  to  it  until  steam  shows  at  the  cylinder  cocks  at  the 
end  of  the  cylinder  wherein  the  piston  lies. 

Question  63. — ^Why  are  slipped  eccentrics  of  less  occur- 
rence now  than  in  former  years? 

Answer  63. — Now  they  are  almost  all  keyed  on,  the 
set  screws  only  keeping  them  from  sliding  endwise  on  the 
axle;  formerly  the  set  screws  were  depended  upon  en* 
tirely  to  hold  them  in  place. 
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Question  64. — On  which  center  would  you  place  an  en- 
gine to  set  an  eccentric  ? 

Answer  64, — On  whichever  center  enabled  me  to  more 
easily  get  at  the  eccentric  and  set  screw. 

Question  .65. — In  case  of  a  very  hot  eccentric,  would 
you  put  water  on  it? 

Answer  65. — ^You  should  not,  as  it  would  be  likely  to 
break  or  warp  the  strap. 

Question  66. — What  usually  causes  the  eccentrics  or 
blades  to  slip? 

Answer  66. — It  may  be  any  of  several  causes:  set 
screws  loose,  hot  eccentrics  or  someone  tightening  up  set 
screws  when  the  bolts  holding  the  two  eccentric  parts  to- 
gether are  loose.  In  this  latter  case  the  cam  would  be 
jacked  out  tight  against  the  strap. 

Question  67. — ^What  would  you  do  for  a  hot  eccentric 
on  the  road? 

Answer  67. — Oil  it  well,  using  valve  oil  if  very  hot; 
see  that  the  strap  was  not  tight  on  the  cam  and  if  it  were, 
loosen  the  strap  bolts  and  put  in  one  or  more  tin  liners 
between  the  two  halves  of  the  strap  on  both  sides,  then 
tighten  bolts. 

Question  68. — How  do  some  roads  secure  blades  in 
straps  so  as  to  prevent  their  slipping? 

Answer  68. — Some  roads  slot  all  holes  and  after  the 
blades  are  set  and  adjusted,  they  run  soft  metal  into  the 
slots  beside  each  bolt.  Other  roads  often  slot  one  hole 
in  each  blade  and  after  setting  valves  drill  the  remaining 
holes  to  correspond  with  those  in  the  strap  without  slot- 
ting them. 

Question  69. — ^What  would  you  do  to  "disconnect"  an 
engine  on  one  side,  as  the  term  is  generally  applied? 

Answer  69. — Place  the  valve  in  the  center  to  cover  the 
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steam  ports  and  clamp  or  bind  the  stem  to  hold  it  there, 
take  down  the  main  rod  and  block  the  crosshead  securely 
(preferably  at  the  back  end  of  stroke).  If  any  side 
rods  are  broken,  remove  the  same  ones  on  the  opposite 
side. 

Question  70. — On  very  heavy  locomotives  is  there  any 
way  to  avoid  taking  down  the  main  rod? 

Answer  70. — Yes;  if  but  a  short  distance  to  go,  block 
the  valve  just  enough  ahead  of  the  center  to  admit  a 
little  steam  to  the  back  end  bf  the  cylinder,  and  if  the 
engine  does  not  have  by-pass  valves  take  out  the  back 
cylinder  cock  or  block  it  open  and  loosen  the  front  cyl- 
inder head. 

Question  71. — For  what  causes  would  you  disconnect 
as  stated? 

Answer  71. — For  broken  front  cylinder  head;  valve, 
valve  seat,  valve  stem  or  rod  broken ;  broken  rocker  arm, 
eccentric,  strap,  blade,  link  or  parts  of  link. 

Question  ^2, — If  you  take  down  one  eccentric  blade, 
what  should  you  do  to  prevent  the  link  turning  over,  bind- 
ing, or  striking  the  engine  truck  frame  ? 

Answer  ^2, — Tie  the  top  of  the  link  to  the  hanger  or 
otherwise  fasten  it,  but  not  too  tightly.  It  is  generally 
better  to  take  off  both  eccentrics  and  straps  on  that  side 
if  you  have  to  take  down  one. 

Question  73. — Can  an  engine  be  run  ahead  with  a  back- 
up eccentric  strap  or  blade  taken  down? 

Answer  73. — ^Yes;  for  if  kept  in  full  gear  the  link 
block  will  get  all  its  motion  from  the  go-ahead  blade. 
The  reverse  condition  is  true  with  regard  to  a  broken 
go-ahead  eccentric.  This  practice  should  not  be  followed 
except  in  moving  an  engine  to  the  nearest  siding  before 
disconnecting  the  valve  stem. 
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Question  74. — ^What  would  you  do  if  the  whistle  or 
pop  valve  should  blow  out? 

Answer  74, — Plug  the  opening  with  a  piece  of  soft 
wood  and  tie  it  down  if  possible. 

Question  75. — If  stuck  in  a  snow  bank,  how  would  you 
keep  water  in  the  tank? 

Answer  75. — If  necessary,  shovel  snow  in  the  tank  and 
melt  it  with  the  heater. 

Question  76. — ^When  an  engine  is  standing  and  the 
throttle  is  closed,  what  will  cause  steam  to  escape  from 
the  cylinder  cocks? 

Answer  76. — If  the  lubricator  was  shut  off  so  that  no 
steam  could  come  through  the  oil  pipes,  it  would  indicate 
either  a  leaky  throttle  or  a  leaky  dry  pipe. 

Question  yy. — How  can  you  distinguish  a  leaky  dry 
pipe  from  a  leaky  throttle  valve? 

Answer  yy. — With  a  dry  pipe  leaking,  if  there  is  enough 
water  in  the  boiler  to  cover  it,  the  escape  from  the  cyl- 
inder cocks  will  be  nearly  all  water.  With  the  throttle 
leaking  it  will  show  dry  steam. 

Question  78. — Is  a  leaky  throttle  dangerous? 

Answer  78. — It  is,  and  should  be  reported  and  ground 
in  as  soon  as  possible ;  in  the  meantime  leave  the  cylinder 
cocks  open  when  standing  and  block  the  wheels  well  be- 
fore going  under  the  engine  or  leaving  her. 

Question  79. — Then  to  test  a  leaky  dry  pipe  should 
there  be  more  water  than  usual  in  the  boiler? 

Answer  79. — Yes ;  some  boilers  have  to  be  filled  above 
the  top  of  the  water  glass  in  order  to  entirely  submerge 
the  dry  pipe  should  the  latter  leak  at  its  top  side. 

Question  80. — Name  the  various  causes  for  an  engine 
pounding. 


CATECHISM  ON  BREAK-DOWNS  527 

Answer  80. — ^Loose  or  worn  rod  brasses  or  worn  pins ; 
loose  or  worn  wedges  or  binders;  driving  box  brasses 
worn  or  loose  in  the  boxes ;  piston  rod  loose  in  its  cross- 
head;  worn  guides  or  crosshead;  loose  gibs  in  crosshead; 
loose  cylinders  or  deck ;  flat  driving  wheels ;  main  rod  too 
short  or  too  long  or  loose  follower  bolts;  badly  worn 
expansion  pads  on  the  sides  of  the  fire-box;  a  broken 
frame;  pedestal  bolts  loose. 

Question  81. — Name  the  various  causes  for  a  blow  m 
an  engine. 

Answer  81. — ^Valves,  valve  seats  or  cylinder  cut;  bal- 
ance strips  broken,  stuck  down  or  broken  springs  under 
strips ;  balance  plates  too  high  above  the  valve ;  broken  or 
worn  packing  rings  in  piston  valves ;  broken  or  worn  cyl- 
inder packing  rings  or  rings  turned  around  so  that  their 
openings  come  opposite  each  other  at  the  top  of  the  pis- 
ton; broken  valves  or  valve  seats,  and  sometimes  a  blow 
under  a  false  valve  seat. 

Question  82. — How  would  you  test  for  a  blow  in  the 
balance  strips  or  valves? 

Answer  82. — Place  the  engine  on  the  center  (forward 
preferred),  the  reverse  lever  in  center  notch,  and  open  the 
throttle  and  cylinder  cocks.  If  very  little  steam  shows 
at  either  cylinder  cock  on  that  side,  defective  balance 
strip  will  still  cause  a  blow  through  the  hole  in  top  of 
valve  to  the  exhaust  cavity  and  out  of  the  stack.  By  mov- 
ing the  lever  a  notch  or  two  each  side  of  center,  just 
enough  to  connect  the  exhaust  cavity  with  either  cylinder 
port,  a  slight  escape  of  steam  will  appear  at  the  corres- 
ponding cylinder  cock.  Test  the  opposite  side  of  the  en- 
gine in  the  same  way. 

Question  83. — ^Why  are  all  large  valves  balanced? 
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Answer  83. — To  reduce  the  frictional  resistance  and 
also  the  wear  between  the  valves  and  their  seats. 

Question  84. — What  provision  is  made  for  the  escape 
of  any  steam  that  may  leak  to  the  inside  of  the  balance 
strips  or  rings? 

Answer  84. — ^A  hole  is  drilled  through  the  top  of  the 
valve  into  the  exhaust  cavity. 

Question  85. — If  this  hole  were  plugged,  what  would 
be  the  effect? 

Answer  85. — The  valve  would  be  unbalanced  and  like 
an  ordinary  slide  valve. 

Question  86. — What  advantages  arc  claimed  for  piston 
valves  ? 

Answer  86. — Greater  port  areas  and  more  evenly  bal- 
anced valves. 

Question  87. — In  what  way  have  some  slide  valves  been 
given  greater  port  areas  without  increasing  the  size  of  the 
valve  ? 

Answer  87. — By  supplemental  ports.  The  Allen  valve 
being  the  most  common. 

Question  88. — What  is  meant  by  the  valve  being  "line 
and  line"  inside  ? 

Answer  88. — With  the  valve  on  the  center  of  its  seat, 
that  the  inside  edges  of  the  cylinder  ports  are  in  line  with 
the  edges  of  the  exhaust  cavity. 

Question  89. — ^What  is  the  advantage  of  working 
steam  expansively? 

Answer  89. — To  effect  an  economy  of  steam  which 
means  economy  of  fuel.  The  following  tables  from 
a  well  known  authority  will  clearly  indicate  the  reasons 
for  this  economy  if  the  student  will  compare  the  total 
heat  with  the  amount  of  work  done  in  each  case : 
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Cut-off, 
Inches. 

Initial  Steam 
Pressure. 

Ratio  of  Ex- 
pansion. 

Average    Cyl- 
inder Pres- 
sure for  En- 
tire Stroke. 

Ft.-Lbs. 
Work  done. 

Heat    contain- 
ed in  steam 
used. 

Pounds    of 
water  used  in 
doing  the 
work. 

8 
24 

200 
140 

3 
1 

125 

126 

31,800 
31.800 

618 
1299 

.52 
1.12 

EXPLANATION.— The  above  table  shows  that  200  pounds  of  steam  with  a 
cut-off  of  8  inches  (one-third  stroke)  gives  the  same  average  cylinder  pressure 
for  the  whole  stroke  and  does  the  same  amount  of  work  but  with  less  than  one- 
half  the  heat  and  the  water  that  a  full  24  inch  stroke  with  140  pounds  of  steam 
pressure  will  give. 


ounds    of 
steam  used. 

Initial  Steam 
Pressure. 

ut-off  (with 
24-in  stroke.) 

atio  of  Ex- 
pansion. 

Pressure  in  Cyl- 
inder at  end 
of  stroke. 

ve  rage  Cyl- 
inder   Pres- 
sure for  En- 
tire strke. 

t.-Lbs. 
Work  done. 

otal   heat  at 
200  lbs.  pres- 
sure. 

otal  heat    at 
final  pressure 

08 
OD 

03 

omparison  of 
work  done. 

P-4 

O 

« 

< 

^ 

El 

El 

m 

o 

1.57 

200 

24 

1 

200 

185  ' 

47.064 

1833 

1833 

0 

1.00 

1.57 

200 

12 

2 

100 

156 

78.864 

1833 

1807 

26 

1,67 

1.57 

200 

8 

3 

66 

126 

95.400 

1833 

1793 

40 

2.02 

1.57 

200 

6 

4 

50 

105 

106.848 

1633 

1775 

58 

2.27 

EXPLANATION.— From  the  above  table  the  last  column  shows  the  relative 
advantage  of  the  shorter  cut-offs  over  the  full  stroke— the  first  line  of  table. 

Question  90. — Cannot  economy  be  effected  with  cut- 
offs still  shorter  than  six  inches? 

Answer  90. — Not  with  our  modern  high  pressure  boil- 
ers, for  with  still  greater  expansion  the  final  temperature 
in  the  cylinder  is  so  low  that  great  condensation  takes 
place  in  the  cylinders. 

Question  91. — Is  there  any  other  bad  result  from  too 
short  a  cut-off? 

Answer  91. — Yes;  flat  spots  are  made  in  driving 
wheel  tires  by  such  practice.  Some  roads  go  so  far  as 
to  block  quadrants  of  locomotives  so  that  the  reverse 
lever  will  not  latch  anywhere  between  the  center  and  the 
six-inch  cut-off  notch. 
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Question  92. — ^What   effect   has   it  on   the   valve   to 

« 

lengthen  or  to  shorten  the  blades  ? 

Answer  92. — It  equalizes  the  travel  with  reference  to 
the  center  of  the  valve  seat  but  it  does  not  alter  the  total 
lap  or  lead  of  the  valve — ^whatever  amount  it  takes  from 
one  end  of  the  valve  is  added  to  other  end — ^that  is  to  say, 
if  the  lead  is  one-sixteenth  inch  at  one  end  and  line  and 
line  at  the  other  end,  if  you  lengthen  or  shorten  the  ec- 
centric blade  (according  as  the  rocker  arms  are  ar- 
ranged), the  lead  can  be  divided  so  as  to  be  one  thirty- 
second  of  an  inch  at  each  end. 

Question  93. — ^What  is  the  usual  cause  for  cracked 
or  broken  steam  chests? 

Answer  93. — Reversing  an  engine  when  throttle  is  shut 
off  and  the  engine  is  running  at  high  speed. 

Question  94. — Why  is  this  likely  to  rupture  a  steam 
chest  ? 

Answer  94. — The  cylinders  of  a  reversed  engine  draw 
air  and  gases  from  the  front  end  and  force  them  into 
the  steam  chests,  steam  pipes,  dry  pipe  and  stand  pipe, 
and  as  the  throttle  is  closed  there  is  no  escape.  The  more 
modem  locomotives  have  steam  chest  relief  valves  in  or- 
der to  relieve  such  excessive  pressure. 

Question  95. — ^What  should  be  done  if  an  engine  is 
reversed  at  high  speed? 

Answer  95. — Open  the  throttle  which  will  allow  the  air 
to  pass  into  the  boiler  and  be  relieved  at  the  safety  valves. 

Question  96. — If  the  reverse  lever  should  get  caught 
and  bound  tightly  at  a  short  point  of  cut-off  (due  to 
broken  driving  spring,  spring  hanger,  or  equalizer)  what 
would  you  do? 

Answer  96. — ^Try  to  pinch  the  light  engine  ahead  suf- 
ficiently to  take  steam,  then  block  up  for  broken  parts. 
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If  necessary  to  get  the  train  off  the  main  track  quickly, 
you  can  disconnect  the  reach  rod  from  the  tumbling-shaft 
lever  and  let  the  links  drop  down  onto  the  link  blocks  so 
that  the  engine  will  be  in  full  forward  gear.  If  you 
have  any  distance  to  go,  get  the  engine  blocked  for  the 
jbroken  parts,  free  the  reach  rod  and  reconnect  the  tumb- 
ling-shaft arm. 

Question  97. — How  could  an  engine  be  moved  if  the 
engine  truck  was  demolished? 

Answer  97. — ^Jack  up  the  front  end  of  engine  and 
block  up  on  top  of  the  forward  driving  boxes  and  run 
very  slowly  to  prevent  these  forward  driving  boxes  from 
running  hot. 

Question  98. — ^At  what  points  of  the  frame  is  the 
weight  of  a  locomotive  carried? 

Answer  98. — ^At  the  equalizer  stands,  front  and  back 
hangers  and  at  the  engine  truck  center  casting. 

Question  99. — In  blocking  the  crosshead  of  a  loco- 
motive, subsequent  to  disconnecting,  does  it  make  any  dif- 
ference whether  it  is  blocked  ahead  or  back? 

Answer  99. — Yes;  with  engines  having  their  for- 
ward driver  opposite  the  guides  the  crossheads  must  be 
blocked  full  ahead  or  the  forward  crank  pin  may  strike 
the  wrist  pin. 

Question  100. — In  case  it  becomes  necessary  to  remove 
the  side  rods  on  such  an  engine  can  the  engine  be  run 
safely? 

Answer  100. — Not  always.  It  should  be  definitely  de- 
termined that  the  crosshead  pin  or  key  and  forward  crank 
pin  cannot  interfere  with  each  other. 

Question  loi. — In  taking  off  a  main  rod  how  are  the 
side  rods  to  be  held  on  the  main  pin  ? 

Answer  loi. — By  a  wood  or  iron  collar  to  clamp  on  the 
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outer  end  of  pin,  thus  taking  the  place  of  the  main  rod. 
If  there  is  no  such  collar  on  hand,  saw  pieces  of  wood  to 
fit  the  pin  lengthwise  and  tie  them  securely  around  the 
pin. 

Question  IQ2. — ^With  a  broken  frame  jaw,  what  wouM 
you  do?  ^ 

Answer  102. — I  would  try  to  take  my  train  in. 

Question  103. — If  an  engine  with  a  broken  frame  is  to 
be  towed,  how  should  it  be  done? 

Answer  103. — Such  an  engine  should  not  be  towed 
either  at  the  front  or  rear  of  a  long  heavy  train  as  the 
shocks  and  strains  on  the  frame  are  too  severe  in  such  a 
train. 

Question  104. — ^What  would  you  do  if  the  spring  of 
the  steam  chest  relief  valve  were  broken  so  that  the  steam 
blew  badly? 

Answer  104. — Screw  down  on  the  spring,  or  block  the 
valve  closed,  and  report  it  at  the  end  of  the  run. 

Question  105. — How  does  the  rod  grease  cup  work? 

Answer  105. — By  means  of  a  screw  plug  or  piston, 
the  grease  in  the  cup  is  forced  down  through  the  small 
oil  hole  onto  the  pin. 

Question  106. — If  you  put  water  on  a  pin  using  grease 
what  is  the  result  ? 

Answer  106. — It  forms  soap  of  the  grease  and  causes 
it  to  rapidly  disappear  from  the  cup. 

Question  107. — How  would  you  try  to  get  a  leaky  or 
stuck  open  boiler  check  to  close? 

Answer  107. — Tap  it  gently  on  the  flange  of  check, 
open  the  "frost"  cock  and  pour  cold  water  over  check. 

Question  108. — ^What  usual  precautions  must  be  taken 
in  cold  weather? 

Answer  108. — Trains  must  be  started  and  stopped  very 
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carefully  to  prevent  breaking  of  draft  gear  or  sliding 
wheels.  If  any  water  or  steam  is  leaking  from  the  tank, 
be  sure  the  wheels  are  turning  when  you  start  as  a  brake 
shoe  is  very  likely  to  freeze  to  the  wheels  and  slide  them. 

Question  109. — Where  is  the  frost  cock? 

Answer  109. — It  is  located  on  the  discharge  or 
"branch"  pipes  on  either  side  and  at  the  lowest  point, 
usually  a  few  feet  from  the  boiler  check  and  nearly  above 
the  guides. 

Question  no. — What  damage  can  water  do  if  it  es- 
capes from  these  frost  cocks? 

Answer  no. — It  may  freeze  on  the  guides  and  blow  all 
over  the  links,  eccentrics  and  running  gear  of  the  engine; 
hence  a  pipe  should  lead  from  these  cocks  to  a  point  near 
the  ground  and  this  pipe  always  be  seen  to  be  open  and 
not  frozen  up. 

Question  in. — ^What  would  result  from  a  too  free 
use  of  the  heater? 

Answer  in. — ^The  feed  water  in  the  tank  would  be- 
come too  hot  to  be  taken  up  by  the  injector  and  cause 
trouble  from  failure  of  the  injectors. 

Question  112. — What  else  should  be  watched  in  cold 
weather  ? 

Answer  112. — The  air  pump,  steam  bellringer,  and 
electric  headlight  engine  (if  you  have  one).  Do  not 
allow  any  of  them  to  be  shut  off  for  any  considerable 
length  of  time,  but  keep  a  little  steam  flowing  through 
them  even  though  their  services  are  not  required.  Before 
taking  an  engine  out  of  the  house  in  very  cold  weather, 
go  to  the  back  end  of  the  tank  and  blow  out  the  rear  air 
brake,  air  signal,  and  steam  heat  hose  to  be  sure  they 
are  open,  as  these  are  near  the  roundhouse  doors,  and 
sometimes  freeze  up. 
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Question  113. — In  cold  weather  why  are  leaks  in  the 
mud  ring  much  worse  than  at  other  times? 

Answer  113. — Because  this  water  will  soon  freeze  up 
the  ash  pan  and  the  dampers,  and  shut  off  all  draft.  A 
steam  hose  with  a  connection  to  the  syphon  cock  on  top 
of  the  dome  is  carried  on  many  engines  in  very  cold  cli- 
mates. With  this  hose  ice  and  snow  may  be  melted  from 
the  machinery,  ash  pan  and  dampers,  when  necessary. 

Question  114. — ^At  what  time  of  year  do  the  most  hot 
boxes  occur? 

Answer  1 14. — During  the  coldest  portion  of  the  winter. 

Question  115. — Why  is  this? 

Answer  115. — Because  then  lubrication  is  the  poorest, 
ice  and  water  get  on  top  of  driving  boxes  and  prevent 
oil  from  feeding,  and  the  waste  in  cellars  gets  frozen 
stiff  so  it  does  not  bear  against  the  journal.  In  very  cold 
weather  clean  off  and  put  new  waste  on  top  of  the  driv- 
ing boxes  frequently. 

Question  116. — How  are  many  locomotives  equipped 
for  cooling  hot  bearings? 

Answer  116.— ^By  water  pipes  leading  to  the  cellars  of 
every  journal  on  the  engine  and  also  the  pins. 

Question  117. — When  would  you  turn  water  onto  a  hot 
bearing? 

Answer  117. — Only  when,  to  the  best  of  my  judgment, 
a  failure  to  do  so  would  result  in  serious  delay  to  my 
train,  or  other  important  trains.  It  is  best  to  endeavor  to 
cool  off  the  bearing  by  better  lubrication,  than  to  use  wa- 
ter which  washes  off  the  oil.   . 

Question  118. — Why  is  it  thought  best  to  put  the  water 
pipes  in  the  cellars  instead  of  on  top  of  the  bearings? 

Answer  118. — Because  it  still  allows  some  oil  to  be  fed 
down  from  the  top,  instead  of  washing  it  all  off. 
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Question  119. — What  kind  of  waste  is  best  for  use  on 
cellar-paeked  journals,  such  as  engine  trucks,  tank  trucks, 
trailer  wheel  boxes,  and  driving  box  journals? 

Answer  119. — Good  long  fibre  cotton  waste,  having 
been  saturated  in  oil  for  not  less  than  24  hours. 

Question  120. — ^Why  is  cotton  waste  better  than  wool 
waste  for  such  purposes  ? 

Answer  120. — Because  it  has  much  better  capillary  at- 
traction and  feeds  oil  up  much  better. 

Question  121. — How  can  you  prove  this? 

Answer  121. — By  suspending  a  long  cotton  cloth  and 
a  woolen  one  with  their  lower  ends  in  water  or  oil,  and 
then  note  how  much  more  rapidly  the  water  or  oil  feeds 
up  the  former. 

Question  122. — Such  being  the  case,  why  do  so  many 
roads  use  wool  waste  in  all  engine  trucks  and  driving 
box  cellars? 

Answer  122. — Because  it  has  more  "spring"  to  it  and 
hence  does  not  pack  down  and  away  from  the  journal 
so  quickly. 

Question  123. — What  special  forms  of  cotton  packing 
are  made  with  the  intent  of  increasing  its  spring? 

Answer  123. — ^Various  forms  of  woven  and  twisted 
fibre  and  an  ordinary  cotton  waste  with  a  fine  steel  shav- 
ing running  through  it  to  give  it  spring. 

Question  124. — If  a  tender  or  engine  truck  box  ran  hot 
in  spite  of  your  best  efforts,  what  would  you  do  ? 

Answer  124. — If  I  had  an  extra  brass  on  the  engine  to 
fit  this,  jack  up  the  box  and  remove  the  brass.  In  the 
case  of  an  engine  truck  this  would  cause  too  long  a  delay 
to  an  important  train,  hence  the  use  of  the  water  pipe  on 
many  locomotives. 

Question  125. — If  your  rod  brasses  were  babbitted  and 
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you  noticed  a  pin  getting  hot  enough  to  melt  the  babbitt 
and  was  throwing  it  out,  what  would  you  do  ?   . 

Answer  125. — I  would  not  stop  until  all  babbitt  was 
thrown  out  and  hence  the  oil  hole  open.  Should  I  stop 
at  once  the  babbitt  would  likely  close  the  hole  in  the  strap 
and  oil  cup  and  cause  a  great  deal  of  trouble  in  remov- 
ing it. 

Question  126. — In  what  does  the  abuse  of  an  engine 
consist  ? 

Answer  126. — Not  taking  proper  care  of,  or  reporting 
the  work  to  be  done  on  an  engine,  slipping  an  engine 
unnecessarily  and  catching  the  engine  on  sand,  reversing 
an  engine  while  moving,  working  the  engine  harder  than 
necessary,  pulling  or  tearing  holes  in  the  fire,  irregular 
boiler  feeding  and  poor  firing. 

Question  127. — Should  either  injector  be  used  to  the 
exclusion  of  the  other? 

Answer  127. — No;  non-use  is  one  of  the  most  fre- 
quent of  injector  troubles.  Many  reliable  enginemen 
think  it  an  excellent  plan  to  use,  say,  the  right  injector 
going  over  the  road  in  one  direction  and  the  opposite  in- 
jector on  the  return  trip. 

Question  128. — ^Why  cannot  this  be  made  a  good  rule 
to  follow  on  all  engines  ? 

Answer  128. — Because  many  locomotives  have  a  size 
larger  injector  on  one  side  than  on  the  other. 

Question  129. — If  an  injector  is  continually  used  for 
a  heater,  what  will  likely  follow  ? 

Answer  129. — The  hose  strainer  gets  coated  with  lime ; 
the  boiler  check  and  adjustable  parts  of  injector  become 
covered  with  scale  and  stuck. 

Question  130. — ^How  many  miles  should  an  engine  run 
to  the  pint  of  lubricating  oil  ? 
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Answer  130. — That  depends  upon  the  size  of  the  loco- 
motive and  the  work  it  has  to  do.  Most  roads  feel  that 
150  miles  for  valve  oil  and  50  miles  for  engine  oil,  per 
pint,  is  a  record  to  be  striven  for. 

Question  131. — ^How  many  drops  are  there  in  a  pint 
of  valve  oil? 

Answer  131. — The  following  table  from  a  well  known 
authority  will  show,  and  also  give  further  data  to  de- 
termine the  setting  of  injector  feeds : 


Capacity 

Total  No. 
of  drops 
contained 
in  lubri- 
cator. 

Number  of 

drops  for  each 

cylinder  per 

minute. 

Hours 
consumed 
in  feeding 

out  a 
lubricator. 

Total  miles 
run  on  a 
basis  of 

Number  of 
miles  run  to 
one  pint  of  oil 
on  a  basis  of 

of 
Lubricators. 

SI'S 

ill 

pE4 

0)  SR  B 
04 

"Sag 

2  piuts.    .    . 
8  pints.    .    . 

Triple  feed  \ 
8  pints.    .    ) 

13.200 
19.800 

19,800 

5  drops    .    . 

5  drops    .    . 
(5 drops  and) 
-<    1  drop  for  > 
L   air  pump,  j 

22  hours 
38  hours 

30  hours 

660 
990 

900 

896 
595 

540 

830 
830 

800 

198 
198 

180 

Question  132. — ^What  harm  is  done  an  engine  by  sand 
pipes  being  stopped  up  on  one  side  ? 

Answer  132. — It  produces  a  great  strain,  often  break- 
ing crack  pins  or  rods,  and  also  causes  an  uneven  wear 
of  tires. 

Question  133. — In  what  ways  are  automatic  bell- 
ringers  operated? 

Answer  133. — By  air  or  by  steam  pressure. 
Question  134. — Which  is  the  better  and  more  generally 
used  ? 
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Answer  134. — ^Air,  because  it  does  not  condense  or 
freeze  and  its  exhaust  does  not  obscure  the  vision,  as 
does  condensed  steam^ 

Question  135. — Particularly  in  the  western  parts  of  the 
United  States,  what  causes  the  greatest  trouble  with  lo- 
comotives ? 

Answer  135. — Poor  water.  It  has  been  estimated  that 
the  poor  water  on  western  railroads  necessitates  an  addi- 
tional expense  of  about  $750  a  year  for  each  locomotive 
in  service. 

Question  136. — ^What  is  meant  by  poor  water? 

Answer  136. — Generally  speaking,  'liard"  water,  that 
is,  water  having  incrustating  matter  which  causes  foam- 
ing and  sometimes  acids  which  eat  into  the  flues  and 
boiler  sheets. 

Question  137. — If  these  solids  are  in  solution  why 
should  they  cause  trouble  in  a  locomotive  boiler? 

Answer  137. — Because  when  such  large  quantities  of 
water  are  evaporated,  the  solid  matter  remains  as  a  sedi- 
ment, some  portions  of  which  form  a  coating  over  the 
flues  and  sheets  thus  preventing  the  water  from  coming  in 
direct  contact  with  the  iron.  The  result  is  the  iron  be- 
comes overheated  and  cracks,  and  with  all  its  overheating 
less  heat  is  imparted  to  the  water  in  the  boiler. 

Question  138. — How  much  of  these  incrustating  solids 
are  contained  in  a  given  quantity  of  hard  water? 

Answer  138. — ^This  yaries  greatly,  from  two  to  twenty 
pounds  per  1,000  gallons. 

Question  139. — How  can  much  of  this  solid  matter  be 
gotten  rid  of  after  the  water  is  evaporated? 
Answer  139. — By  blowing  it  out  of  the  boiler. 
Question  140. — How  is  this  done? 
Answer  140. — One  or  more  blow-oflf  cocks  arc  placed 
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in  various  parts  of  the  boiler — ^generally  just  above  the 
mud  ring,  as  there  is  where  the  most  of  the  sediment 
settles. 

Question  141. — How  are  these  blow-off  cocks  oper- 
ated ? 

Answer  141. — By  hand,  or  by  pneumatic  (or  steam) 
pistons  attached  to  the  valves. 

Question  142. — What  effort  is  made  by  many  railroads 
to  overcome  the  bad  effects  of  ^'hard"  water? 

Answer  142. — Some  kind  of  boiler  compound,  such  as 
soda-ash,  is  put  in  the  locomotive  tank  each  trip.  This 
forms  a  chemical  action  with  some  of  the  incrustating 
solids  causing  less  incrustation,  but  leaving  more  sedi- 
ment which  must  be  blown  out  or  will  cause  foaming  in 
boilers. 

Question  143. — ^What  other  means  are  railroads  adopt- 
ing? 

Answer  143. — The  chemical  treatment  of  water  in 
large  settling  tanks  located  at  the  various  water  stations 
where  poor  water  is  had.  The  solids  are  allowed  to 
settle  and  the  clear  and  almost  soft  water  above  is  pump- 
ed into  the  water  tanks  and  then  used  for  locomotives. 

Question  144. — If  your  engine  should  get  off  the  track 
with  one  or  more  wheels,  how  would  you  proceed  to  get 
it  on  again  ? 

Answer  144. — Conditions  vary  in  every  case.  If  the 
wheels  are  close  to  the  rails,  block  up  with  oak  blocks  or 
wedges  to  a  pair  of  got)d  wrecking  frogs  (car  replacers) 
and  run  the  engine  up  on  the  track.  It  is  a  general  rule 
to  follow,  that  an  engine  will  go  on  best  and  most  easily 
by  retracing  the  path  whence  it  got  off. 

Question  145. — ^In  case  of  a  derailment  what  should 
you  do  first  ? 
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Answer  145. — Look  the  situation,  over  carefully,  see 
how  the  engine  stands,  that  the  water  and  fire  in  the 
boiler  are  safe;  if  the  wreck  is  serious  telegraph  for  an- 
other engine  and  wrecking  outfit;  if  not  so  serious,  wire 
for  another  engine  to  help  pull  you  on;  if  you  think  it 
possible  to  move  the  engine  alone,  put  down  some  blocks 
and  try  it  before  sending  for  help. 

Question  146. — If  the  rails  are  spread,  to  what  gauge 
should  they  be  spiked? 

Answer  146. — Four  feet,  eight  and  one-half  inches  on 
straight  track  and  about  one-half  an  inch  more  on  sharp 
curves. 

Question  147. — ^After  your  engine  is  back  on  the  track 
again,  what  would  you  look  for? 

Answer  147. — Broken  driving  box  cellars,  bent  or 
sprung  rods  or  crank  pins,  broken  draw  castings  or  draw 
bars,  broken  brake  rigging,  sprung  axle  or  journal. 

Question  148. — Suppose  a  driving  box  cellar  or  its  lugs 
were  broken,  what  would  you  do? 

Answer  148. — I  would  make  one  of  wood  or  in  some 
way  block  on  top  of  the  binder  sufficiently  to  hold  the 
packing  against  the  journal. 

Question  149. — ^Why  is  it  not  safe  to  run  an  engine 
with  a  sharp  flange  ? 

Answer  149. — Because  it  is  very  likely  to  catch  a 
switch  point  or  a  frog  and  cause  a  derailment,  or  the 
flange  may  break  and  cause  a  bad  wreck. 

Question  150. — ^Are  there  any  locomotives  that  cannot 
run  under  their  own  steam  with  their  side  rods  off? 

Answer  150. — Yes,  because  of  the  extreme  effort  of 
modern  builders  to  get  long  main  rods  and  short  straight 
eccentric  blades.  In  order  to  do  this  the  eccentrics  are 
not  placed  upon  the  main  driving  wheel  axle  but  upon 
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one  of  the  driving  wheel  axles  ahead  thereof.  Hence, 
with  the  side  rods  off  the  least  slip  of  the  main  drivers 
would  throw  them  out  of  tram  with  the  driving  wheel 
carrying  the  eccentrics,  consequently  such  an  engine 
would  have  to  be  towed  in.  This  construction  is  be- 
coming quite  common  for  switching  locomotives,  which 
class  of  power  is,  of  course,  seldom  out  on  the  road  where 
delays  from  breakdowns  are  most  serious. 

Question  151. — If  you  had,  say,  a  disabled  cylinder  and 
had  no  drift  to  disconnect  valve  stem,  what  would  you 
<lo? 

Answer  151. — ^Take  out  top  rocker  arm  pin,  pull  the 

'valve  rod  an  inch  out  of  line  with  the  top  rocker  arm  and 

brace  there  securely  by  a  notched-end  stick.    Disconnect 

the  main  rod  and  clamp  the  valve  in  center;  and  block 

crosshead,  of  course. 

Question  152. — On  very  large  locomotives  with  heavy 
rods  is  there  any  way  to  avoid  taking  down  and  loading 
up  the  main  rod? 

Answer  152. — ^Yes;  if  the  main  rod  goes  through  a 
yoke  at  back  of  guides,  take  down  the  back  end  of  main 
rod  and  block  the  crosshead  ahead,  letting  the  main  rod 
rest  in  the  bottom  of  this  yoke. 

Question  153. — In  ruftning  an  engine  on  one  side 
how  can  you  almost  entirely  prevent  stopping  on  the 
dead  center? 

Answer  153. — ^By  stopping  the  engine  with  the  reverse 
lever,  giving  her  a  little  steam.  When  the  engine  has 
stopped  and  before  she  starts  to  back  up,  set  the  brake 
hard,  close  the  throttle  and  open  the  cylinder  cocks. 

Question  154. — ^Why  will  this  be  quite  certain  to  keep 
the  engine  off  the  dead  center? 

Answer  154. — ^Because  the  power  to  stop  the  engine 
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being  entirely  in  the  cylinder  of  the  good  side,  the  greater 
power  is  on  the  quarter,  and  is  nothing  on  the  dead  cen- 
ter to  cause  the  engine  to  stop  at  that  point. 

Question  155. — In  blocking  a  crosshead  should  you 
place  it  as  far  forward,  or  as  far  back  as  it  is  possible 
to  do? 

Answer  155. — No;  put  a  small  block  at  the  front  or 
back  end  of  crosshead,  as  the  case  may  be,  in  order  to . 
prevent  all  possibility  of  the  piston  packing  rings  drop- 
ping into  the  counterbore. 

Question  156. — ^What  harm  would  that  do? 

Answer  156. — It  might  necessitate  the  removal  of  the 
adjacent  cylinder  head;  and  if  a  back  one  it  is  a  long, 
expensive  job. 

Question  157. — How  would  you  arrange  to  run  a  mo- 
gul,  or  consolidation  engine  without  the  pony  truck? 

Answer  157. — Raise  the  engine  in  front  and  block  be- 
tween the  cross  equalizer  and  the  belly  of  the  boiler. 

Question  158. — If  a  cast  iron  tender  or  engine  truck 
wheel  should  break,  what  would  you  do? 

Answer  158. — ^Try  to  block  it  from  turning,  and  skid 
it  to  the  nearest  siding,  running  very  slowly.  Then  chain 
up  or  remove  the  broken  wheel. 

Question  159.- — ^Which  man  is  the  more  economical  of 
oil,  steam,  coal  and  time,  he  who  continually  carries  a 
boiler  too  full  of  water  or  he  who  carries  several  inches 
less  than  a  full  glass? 

Answer  159. — Most  decidedly  the  latter.  High  water 
men  make  the  poorest  records  and  are  the  most  extrava- 
gant, besides  frequently  breaking  cylinder  heads,  shear- 
ing crosshead  keys  or  breaking  pins.  If  you  keep  close 
watch  of  the  high  water  man  on  the  road,  you  will  find 
that  there  are  many  times  when  his  water  goes  much 
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lower  than  the  other  man;  for  working  wet  steam  first 
takes  too  much  water  from  the  boiler,  then  the  water  sup- 
ply is  increased,  steam  drops  back,  the  reverse  lever  is 
dropped  lower  to  make  up  for  this  loss  of  pressure;  this 
takes  still  more  water  and  if  the  run  is  long  and  hard  it 
will  be  difficult  to  keep  the  water  outside  the  lower  water 
glass  nut. 

Question  i6o. — ^About  what  portion  of  the  total  power 
of  a  locomotive  is  wasted  in  friction? 

Answer  i6o. — From  lo  to  25  per  cent.,  depending  upon 
the  effectiveness  of  the  lubrication  and  the  balancing  of 
the  valves. 

Question  161. — ^What  part  of  a  locomotive  has  the 
greater  friction  resistance? 

Answer  161. — ^The  valve.  But  this  is  greatly  reduced 
by  well  balanced  valves. 

Question  162. — What  does  proper  lubrication  prevent? 

Answer  162. — It  prevents  wear,  heat  and  resistance. 

Question  163. — How  much  oil  is  useful  and  necessary 
for  proper  lubrication? 

Answer  163. — Only  the  amount  that  can  adhere  to  the 
frictional  surfaces.  Too  much  oil  in  cellars  and  on  bear- 
ings only  runs  onto  the  ground  or  is  thrown  all  over  the 
engine;  too  much  oil  in  cylinders  only  gums  up  the  ex- 
haust passages  and  nozzles. 

Question  164. — ^What  is  the  purpose  of  graphite,  soap, 
ammonia,  salt,  etc.,  on  a  hot  bearing? 

Answer  164. — Chiefly  to  fill  up  or  glaze  over  the  rough 
spots  in  the  bearing  surfaces;  also  these  substances  will 
stand  a  greater  heat  than  oil,  before  running  off  the  bear- 
ing. 

Question  165. — ^What  is  one  frequent  cause  for  hot 
bearings  ? 
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Answer  165. — The  waste  in  cellars  being  too  high  at 
the  sides,  so  that  threads  of  it  are  caught  up  by  the  jour- 
nal and  wrapped  around  it,  often  catching  fire  when  both 
journal  and  box  are  cold. 

Question  166. — ^What  is  the  best  material  for  packing 
the  cocks  in  the  cab  to  keep  them  steam  tight  and  still 
have  them  work  easily? 

Answer  166. — Fill  the  glands  with  plumbago  or  graph- 
ite, with  a  ring  of  asbestos  wicking  each  side,  then  tighten 
down  solid. 

Question  167. — In  case  of  impending  collision,  what 
should  you  do? 

Answer  167. — ^Apply  the  brakes  in  emergency,  shut  off 
the  throttle,  whistle  for  brakes,  open  wide  the  sand  lever, 
and  then  protect  myself  as  my  best  judgment  dictates. 

Question  168. — Should  a  man  make  up  his  mind  be- 
forehand what  to  do?  ,       ' 

Answer  168. — Most  assuredly.  When  in  great  danger 
a  man  has  little  time  for  thinking  and  should  act  correctly 
from  his  premeditated  determination.  There  have  been 
many  cases  where  men  acting  on  the  spur  of  the  moment 
have  released  their  brakes  and  done  other  things  that 
tended  not  in  the  least  to  reduce  the  force  of  the  collision. 

Question  169. — ^With  the  modern  large  locomotives  is 
it  generally  safer  to  jump  off^  or  remain  behind  the  boiler 
head  in  case  of  collision  ? 

Answer  169. — That  depends  greatly  upon  the  kind  of 
collision.  If  a  rear-end  collision,  less  damage  is  likely 
to  your  locomotive.  If  a  head-on  collision  with  another 
large  locomotive,  I  should  "unload"  at  once.  Going  at 
moderate  speed  and  in  a  safe  place  to  jump,  I  would  cer- 
tainly get  oif.     If  it  were  in  a  cut  the  cars  behind  are 
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likely  to  pile  up  and  render  it  as  dangerous  for  you  as  it 
would  be  behind  the  big  boiler  head. 

Question  170. — How  is  it  known  that  a  boiler  is  carry- 
ing the  proper  steam  pressure  ? 

Answer  170. — By  the  safety  valves  and  steam  gauge 
when  the  engine  pops.  No  boiler  should  ever  be  allowed 
higher  steam  pressure  than  that  prescribed  by  the  com- 
pany. 

Question  171. — How  should  steam  gauges  and  safety 
valves  be  tested? 

Answer  171. — ^At  least  once  a  month  by  the  use  of  a 
test  gauge  attached  to  the  locomotive. 

Question  172. — ^Why  is  it  not  better  to  remove  the 
gauges  and  test  them? 

Answer  172. — Because  the  temperature  of  the  gauge 
in  the  cab  has  some  effect  and  the  more  certain  way  is  to 
have  the  gauge  in  its  usual  position  when  testing. 

Question  173. — How  much  power  have  the  piston  and 
crosshead  on  one  side  to  turn  the  crank  pin,  when  the 
center  wrist  pin,  the  crank  pin,  and  the  main  driving  axle 
on  the  same  side  are  in  a  straight  Jine? 

Answer  173. — None  whatever. 

Question  174. — ^How  then  is  the  engine  kept  moving? 

Answer  174. — ^The  crank  pin  on  the  other  side  is  on 
the  quarter,  and  that  being  a  most  powerful  position, 
this  causes  the  wheels  to  move  sufficiently  to  bring  the 
opposite  side  off  the  dead  center. 

Question  175. — ^What  is  meant  by  "the  dead  center"? 

Answer  175. — ^When  the  center  of  the  wrist  pin,  the 
main  crank  pin,  and  the  main  driving  axle  are  all  in  one 
straight  line. 

Question  176. — ^What  is  the  "wrist"  pin? 
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Answer  176. — The  pin  in  the  crosshead  to  which  the 
front  end  of  the  main  rod  is  attached. 

Question  177. — How  should  hot  bearings  he  treated? 

Answer  177. — They  should  be  cooled  down  gradually 
so  as  to  prevent  crystallizing  and  subsequent  breakage  of 
the  metal.  The  cause  should  be  ascertained,  if  possible, 
whether  defective  lubrication,  foreign  substances  on  the 
bearing,  or  defective  workmanship,  in  order  to  guard 
against  repetition  of  the  same  trouble. 

Question  178. — ^What  is  the  objection  of  filling  a  tank 
with  water  and  overflowing  it  considerably? 

Answer  178. — It  wastes  water,  injures  the  roadbed, 
and  in  winter  the  water  freezes  up  the  flanges  and  has 
to  be  chopped  out. 

Question  179. — Should  care  be  taken  in  opening  the 
blow-off  cock? 

Answer  179. — Yes ;  always  look  first  to  see  no  one  is 
near  enough  to  be  burned;  also  do  not  blow  the  water 
and  sediment  over  cars,  buildings,  or  over  the  engine  and 
tender.    It  is  very  injurious  to  the  paint  and  varnish.    . 

Question  180. — What  is  meant  by  the  "total  wheel- 
base"  of  a  locomotive? 

Answer  180. — The  distance  from  the  center  of  the  for- 
ward to  back  wheel  of  the  engine. 

Question  181. — What  is  meant  by  the  "rigid  wheel- 
base"  ? 

Answer  181. — The  distance  between  the  centers  of  the 
front  and  the  back  pairs  of  driving  wheels. 

Question  182. — Why  are  piston  rods  frequently  ex- 
tended out  through  the  front  cylinder  head? 

Answer  182. — In  order  to  better  guide  the  piston  and 
produce  more  uniform  wear  of  the  cylinders.  This  is 
the  practice  noticeable  with  the  large  cylinders  of  com- 
■>ound  locomotives. 
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Question  i. — ^Are  you  operating  an  electric  headlight? 
If  so,  how  long  have  you  had  same,  and  what  is  the  work 
required  each  trip  to  keep  it  in  order? 

*Answer  i. — The  commutator  should  be  cleaned,  a  new 
carbon  inserted  in  the  lamp,  the  point  of  the  electrode 
cleaned,  and  see  that  the  proper  amount  of  oil  is  in  the 
bearing  each  trip. 

Question  2. — ^Describe  passage  of  current  through  lamp 
and  tell  how  arc  or  light  is  formed. 

Answer  2. — ^The  current  flowing  from  the  dynamo  is 
called  the  positive  current  and  enters  the  lamp  at  the 
binding  post  and  from  ^there  passes  through  a  No.  8 
insulated  copper  wire  to  the  bracket,  thence  through  con- 
nections to  the  carbon;  then  down  through  the  copper 
electrode  and  holder  to  a  No.  8  insulated  copper  wire, 
through  the  solenoid,  then  to  the  binding  post  and  back 
to  the  dynamo.  As  scion  as  current  passes  through  the 
solenoid,  it  attracts  the  solenoid  armature,  which  in  turn 
is  connected  with  the  levers  which  clutch  the  carbon  and 
separates  it  from  the  point  of  the  copper  electrode.  As 
soon  as  this  separation  begins,  the  current  jumps  from 
the  carbon  to  the  electrode,  and  as  the  distance  is  in- 
creased the  current  becomes  stronger  in  its  effort  to  jump 
from  one  point  to  the  other,  and  at  the  same  time  the  cur- 
rent going  through  the  solenoid  becomes  weakened  and 

*In  this  connection  the  reader  is  referred  to  volume  2  pages  405 
to  428  of  this  series  devoted  to  a  description  of  the  appliances  of 
locomotives. 
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releases  the  solenoid  armature  until  the  distance  between 
the  carbon  and  the  electrode  points  is  properly  adjusted 
to  form  the  arc.  As  the  carbon  gradually  bums  away 
and  the  distance  from  the  carbon  and  electrode  becomes 
greater,  the  current  becomes  weaker  going  through  the 
solenoid  and  the  carbons  are  again  drawn  together  by  the 
tension  spring  until  the  proper  arc  is  re-established. 

Question  3. — If  light  bums  all  right  while  engine,  is 
standing,  but  dies  down  while  running,  where  would  you 
look  for  the  trouble?    How  would  you  remedy  it? 

Answer  3. — If  the  light  bums  all  right  while  the  en- 
gine is  standing  but  dies  down  while  running,  it  is  an 
indication  that  the  carbon  is  jarring  through  the  clutch 
faster  than  it  is  consumed  and  the  clutch  spring  should 
be  strengthened  so  as  to  hold  the  back  edge  of  the  clutch 
from  being  jarred  upward  and  thereby  releasing  carbon. 
This  may  also  be  caused  by  th^  tension  spring  being  too 
tight,  thereby  forcing  the  carbons  too  close  together  to 
form  the  proper  arc. 

Question  4. — If  the  light  flashes  and  goes  out,  and  re- 
peats this  several  times,  then  goes  out  entirely,  what 
would  be  the  cause  ? 

Answer  4. — This  is  probably  caused  by  the  carbon  be- 
ing very  nearly  burned  out  and  the  holder  is  fed  down 
so  that  it  just  touches  the  clutch  and  the  jar  of  the  loco- 
motive causes-  it  to  flash.  This  possibly  might  also  be 
caused  by  a  broken  wire  under  the  insulation,  or  both 
wires  being  jarred  together  where  there  is  no  insulation 
— it  means  a  short  circuit  somewhere. 

Question  5. — If  the  light  bums  all  right  when  engine 
is  standing,  but  dies  down  when  running,  and  the  faster 
you  run  the  more  the  light  runs  down,  what  causes  it  to 
die  down? 
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[Aiiswer  5. — ^This  condition  is  caused  by  the  same  trou- 
ble as  in  question  No.  3  and  should  be  handled  the  same, 
for  the  reason  that  the  faster  the  locomotive  runs,  the 
more  jar  there  is  and  the  more  apt  the  carbon  is  to  jar 
through  the  clutch. 

Question  6. — If  light  dies  down  when  you  pull  out 
from  station,  what  is  the  matter  ? 

Answer  6. — ^This  trouble  is  caused  by  having  too  much 
water  in  the  boiler  and  working  wet  steam  in  the  turbine 
engine. 

Question  7. — If  your  light  flashes  and  goes  out  for  a 
second,  then  burns  brightly  for  a  second,  and  keeps  this 
up,  where  would  you  look  for  the  trouble  ? 

Answer  7. — It  is  probably  caused  by  a  broken  wire,  a 
loose  wire  in  the  binding  post,  or  insulation  worn  off 
both  wires,  allowing  them  to  be  jarred  together.  Ex- 
amine your  lamp  thoroughly,  and  see  that  all  screws  are 
tight  and  insulation  good. 

Question  8. — If  your  light  burns  very  dim  and  engine 
is  working  hard,  and  cab  lights  are  bright,  where  is  your 
trouble  ? 

Answer  8. — ^This  condition  is  caused  by  a  short  circuit 
and  is  probably  in  your  incandescent  wiring.  The  first 
thing  to  do  is  to  pull  out  one  of  the  incandescent  wires 
from  the  screw,  which  will  determine  if  the  short  circuit 
is  in  the  incandescent  wiring.  If  this  does  not  remedy  the 
trouble,  look  for  a  "short"  in  your  lead  wires  between  the 
dynamo  and  lamp. 

Question  9. — ^What  should  you  be  sure  of,  when  put- 
ting in  carbons? 

Answer.  9. — In  putting  in  a  carbon  you  should  be  sure 
that  the  carbon  is  smooth  and  straight  and  will  fall 
through  the  clutch  freely. 
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Question  lo. — If  copper  electrode  bums  off  during  the 
trip,  state  probable  cause.  What  effect  does  it  have  on 
the  light?  Can  you  prevent  it  burning  more?  If  so, 
how? 

Answer  lo. — ^The  probable  cause  of  electrode  burning 
off  during  the  trip  is  the  speed  of  dynamo  being  too  high. 
This  is  shown  by  a  green  light  instead  of  a  white  light 
The  burning  of  the  electrode  can  be  stopped  at  once  by 
throttling  the  steam  on  turbine  which  reduces  the  speed 
for  the  time  being  and  then,  when  you  get  to  the  end  of 
your  trip,  you  can  report  the  governor  and  have  the 
speed  readjusted. 

Question  ii. — ^Why  should  the  copper  electrode  be 
clean  both  on  point  and  where  it  passes  through  holder? 

Answer  ii. — The  copper  electrode  should  be  clean  on 
the  point  so  that  the  top  carbon  will  touch  the  copper, 
for  if  there  is  any  scale  on  the  end  of  the  copper,  it  will 
prevent  the  carbon  from  touching  the  copper,  and  you 
will  therefore  not  get  the  proper  contact  which  you  must 
have  to  get  a  current.  It  should  also  be  clean  where  it 
passes  through  holder  so  that  the  current  will  pass  from 
holder  to  the  copper  freely,  as  any  foreign  substance 
has  a  tendency  to  insulate  the  copper  from  the  holder. 

Question  12. — Give  different  causes  for  light  burning 
green.    What  must  be  done  to  stop  it  burning  green  ? 

Answer  12. — ^The  cause  for  the  light  burning  green  is 
that  the  copper  electrode  is  burning.  This  may  be  caused 
by  the  speed  of  the  dynamo  being  too  high,  or  by  the 
wires  from  the  dynamo  to  lamp  being  connected  up 
wrongly,  so  that  the  positive  current  enters  Ihe  copper 
electrode  instead  of  the  top  carbon.  In  this  case  the 
binding  posts  should  be  changed  on  the  dynamo. 
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Question  13. — If  commutator  becomes  rough  and. out 
of  round,  what  should  be  done  with  it? 

Answer  13. — It  should  be  trued  up,  which  can  be  done 
very  nicely,  if  not  too  badly  out  of  roimd,  by  holding  a 
strip  of  sand  paper  by  the  ends  on  the  commutator  when 
it  is  running.  If  pretty  bad,  it  should  be  put  in  the  lathe 
and  trued  up,  using  a  very  sharp  tool  for  the  work,  after 
which  the  mica  strips  in  the  commutator  should  be  filed 
out  a  trifle  below  the  surface  to  be  sure  that  the  copper 
strips  do  not  lag  over. 

Question  14. — How,  and  when  should  the  commutator 
be  cleaned? 

Answer  14. — ^The  commutator  should  be  cleaned  at  the 
end  of  every  trip.  This  should  be  done  with  a  piece  of 
damp  waste  endwise  on  the  commutator,  and  then  finished 
with  a  dry  piece  of  waste.  It  is  not  necessary  to  use  sand 
paper  unless  the  commutator  is  rough  and  sparks. 

Question  15. — ^What  is  the  bad  effect  of  holding  sand 
paper  except  by  ends? 

Answer  15. — The  bad  effect  of  sand  paper  on  the  com- 
mutator except  when  held  by  the  ends  is  to  increase  the 
low  spots,  as  the  sand  paper  would  then  reduce  the  cop- 
per at  the  low  spots  as  well  as  the  high,  where  if  the  sand 
paper  is  only  held  by  the  ends,  it  only  reduces  the  high 
spots  on  the  commutator  and  therefore  trues  up  the 
surface.  . 

Question  16. — ^Why  should  mica  strips  in  commutator 
be  kept  below  copper  ?  . 

Answer  16. — For  the  reason  that  the  copper,  being 
softer  than  the  mica,  wears  away  more  rapidly  and  there- 
fore the  copper  becomes  a  trifle  lower  than  the  mica,  and 
the  brushes  passing  over  this  mica  cause  the  sparking  on 
the  copper. 
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Question  17. — Why  should  sand  paper  be  used  on  com- 
mutator and  not  emery  cloth? 

Answer  17. — Sand  paper  should  be  used  on  commu- 
tator, as  should  there  be  a  piece  of  sand  paper  left  be- 
tween the  commutator  bars  where  the  mica  is  filed  out, 
the  current  would  not  pass  through  the  sand,  but  the 
emery  being  a  conductor  of  current  under  these  circum- 
stances, would  cause  a  short  circuit,  by  allowing  the  cur- 
rent to  pass  through  the  emery. 

Question  18. — Do  you  put  any  oil  in  turbine?  What 
kind  and  how  often  ? 

Answer  18. — The  turbine  engine  should  be  oiled  at 
least  once  a  week  to  prevent  scale  on  the  buckets.  Black 
oil  is  recommended  for  this. 

Question  19. — How  and  when  do  you  oil  armature 
bearings  ? 

Answer  19. — The  middle  bearing  should  have  just  oil 
enough  in  the  cellar  to  allow  the  ring  in  revolving  to  pass 
through  it  and  earry  the  oil  up  on  the  shaft.  It  is  very 
easy  to  tell  when  more  oil  is  required  by  removing  the 
oil  cap  and  noticing  whether  the  ring  is  carrying  the  oil. 
The  outside  bearing  on  the  cap  should  be  oiled  about 
every  trip. 

Question  20. — ^What  is  the  purpose  of  tension  spring 
No.  93? 

Answer  20. — The  purpose  of  tension  spring  No.  93  is 
to  overcome  the  pull  of  the  solenoid  on  the  solenoid  ar- 
mature, preventing  the  same  from  separating  the  points 
of  the  carbon  too  far  and  breaking  the  arc. 

Question  21. — If  too  tight,  does  it  affect  light  burning 
with  low  steam  pressure?    If  too  weak? 

Answer  21. — If  tension  spring  No.  93  is  adjusted  too 
tight,  it  will  prevent  the  engine  from  running  with  low 
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Steam  pressure,  as,  by  forcing  the  carbon  points  together, 
the  current  is  not  consumed  and  is  therefore  backed  up 
into  the  dynamo  which  creates  a  heavy  current.  If  ad- 
justed too  weak,  it  will  allow  the  solenoid  to  separate  the 
carbon  points  too  far,  thereby  breaking  the  arc. 

Question  22. — If  commutator  sparks  badly  what  would 
you  do? 

Answer  22, — If  the  commutator  sparks  badly  and  the 
sparking  cannot  be  stopped  by  the  adjustment  of  springs 
on  the  brushes,  it  should  be  trued  up  with  sand  paper  as 
stated  above,  and  then  if  the  sparking  does  not  cease,  the 
face  of  the  brush  should  be  refitted  to  the  commutator. 

Question  27^, — ^Why  should  commutator  be  cleaned  end- 
wise and  not  round? 

Answer  23. — If  the  commutator  is  cleaned  ^'round," 
there  is  a  tendency  for  dirt  to  lodge  in  the  creases  between 
the  copper  strips,  which  allows  the  current  to  pass 
through  the  dirt;  the  commutator  should  therefore  be 
cleaned  lengthwise,  so  that  these  creases  w411  be  kept 
clean. 

Question  24. — If  light  does  not  start  when  turning  on 
steam,  what  would  yf)u  do? 

Answer  24. — The  point  of  copper  should  be  examined 
to  see  that  there  is  no  foreign  substance  to  prevent  the 
carbon  touching  it,  that  the  proper  tension  is  on  the 
brushes  and  that  the  commutator  is  clean,  and  then  if  the 
light  does  not  start,  a  carbon  or  piece  of  wire  or  some- 
thing which  will  carry  current,  should  be  placed  across 
the  binding  posts  and  then  removed  suddenly.  If  there  is 
a  flash  upon  removing  same,  the  dynatno  is  all  right  and 
then  if  the  light  does  not  start,  the  trouble  is  in  the  lamp. 
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Question  i. — Trace  the  air  through  the  air  brake  sys- 
tem. 

Answer  i. — ^The  air  is  received  from  the  atmosphere 
through  the  air  cylinder  of  the  pump ;  from  there  it  passes 
through  the  discharge  valve  and  pipe  to  the  main  reser- 
voir; thence  through  the  brake  valve  to  the  train  pipe; 
through  the  branch  pipe,  cut  put  cock  and  triple  valve  to 
the  auxiliary  reservoir  (to  charge)  ;  then  from  the  aux- 
iliary through  the  triple  valve  to  the  brake  cylinder  (to 
set  the  brake),  from  the  cylinder  again  back  through  the 
triple  to  the  atmosphere  (to  release  the  brake).  When  a 
retainer  is  used  the  final  exhaust  from  the  triple  has  to 
pass  through  the  retaining  valve. 

Question  2. — Should  the  engine  equipment  be  tested  be- 
fore leaving  the  engine  house? 

Answer  2. — It  certainly  should,  and  be  known  to  be  in 
good  working  order. 

Question  3. — How  should  this  test  be  made? 

Answer  3. — Open  the  bleed  cocks  in  main  and  auxil- 
iary reservoirs,  start  the  pump  slowly,  lubricate  it  prop- 
erly, observe  about  the  number  of  strokes  required  to 
compress  from  40  to  50  pounds,  open  the  rear  and  front 
signal  and  train  line  cocks  to  see  that  they  are  working  and 
not  frozen,  see  that  the  governor  and  the  feed  valve  are 
properly  regulating  the  pressures  and  that  the  pump  stops 
working,  indicating  no  leaks ;  then  apply  a  service  appli- 
cation and  see  that  the  brakes  remain  set  at  least  three 
minutes  and  that  the  pistons  have  proper  travel;  release 
and  see  that  they  release  all  right. 
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Question  4. — ^What  is  your  first  duty  after  coupling^ 
onto  a  train? 

Answer  4.-^— Charge  the  train  fully  and  see  that  the 
trainmen  fix  any  leaks. 

Question  5. — Should  the  brakes  be  tested  before  leav- 
ing a  terminal? 

Answer  5. — Always. 

Question  6. — How  should  this  terminal  test  be  made? 
Explain  in  detail,  giving  trainmen's  duties  also. 

Answer  6. — Beginning  at  the  rear,  the  brakeman  should 
couple  all  the  hose,  open  all  the  angle  cocks  except  the 
one  at  the  rear,  see  that  all  the  cars  are  cut  in  (except 
such  as  are  marked  defective),  see  that  all  the  hand 
brakes  are  off,  and  the  retainers  open,  with  the  handles 
pointing  down.  The  engine  should  be  cut  in  last.  While 
the.  engine  is  charging  the  cars,  the  brakeman  should  pass 
along  the  train  and  inspect  it  carefully  to  ascertain  if 
there  are  any  leaks.  In  charging  a  train  the  pump  should 
be  run  according  to  the  temperature  of  the  weather,  in 
order  to  charge  the  train  reasonably  fast  without  over- 
heating it.  Where  there  are  average  leaks,  an  eight  inch 
pump  should  charge  a  train  in  about  one-half  as  many 
minutes  as  there  are  cars ;  a  nine-and-one-half  inch  pump 
twice  as  quickly.  After  the  train  is  charged  and  the  en- 
gineer is  satisfied  that  it  is  reasonably  free  from  leaks,  the 
head  brakeman  (stationed  at  the  head  air  brake  car) 
should  signal  the  rear  brakeman  (stationed  at  the  rear 
air  brake  car)  who  should  repeat  the  signal.  After  the 
engineer  gets  the  signal  from  the  rear  man,  he  should  ap- 
ply fifteen  to  eighteen  pounds  in  service  application  and 
place  the  engineer's  valve  handle  on  lap.  The  brakemen 
should  now  walk  toward  each  other,  inspecting  each  car, 
to  see  that  it  sets  and  holds — ^noting  the  piston  travel  as 
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well.  After  this  has  been  done^  they  should  signal  the 
engineer  to  release.  He  having  done  so  in  release  posi- 
tion, the  brakeman  should  pass  each  to  his  respective  end 
of  the  air  brake  cars  to  see  that  all  the  brakes  have  been 
released,  and,  in  winter,  see  that  no  shoes  are  frozen  to 
the  wheels.  The  head  brakeman  should  then  advise  the 
engmeer  as  to  the  number  of  air  cars  that  are  in  good 
working  order,  and  the  tonnage  or  length  of  the  train. 

Question  7. — Why  is  a  terminal  test  necessary?  Or, 
is  it  only  advisable? 

Answer  7. — tl  is  necessary  to  insure  the  safety  and 
celerity  of  the  train  on  the  road. 

Question  8.-^What  test  is  necessary  after  coupling  up, 
when  air  brake  cars  have  been  separated  for  a  crossing, 
or  make-up  of  train  changed? 

Answer  8. — To  know  by  trial  that  the  engineer  can  set 
and  release  the  rear  cars  in  the  train.  If  the  make-up  of 
the  train  has  been  changed  and  any  cars  added;  besides 
noticing  the  rear  cars,  a  regular  terminal  test  should  be 
given  the  cars  just  picked  up. 

Question  9. — What  is  meant  by  a  running  test  ?  How 
and  where  is  this  test  made  ? 

Answer  9. — A  test  of  the  air  brakes  while  the  train  is 
moving.  It  is  good  practice  to  make  a  running  test  of  the 
brakes  at  the  summit  of  heavy  grades,  also  two  miles  from 
important  points,  meeting  points,  railroad  crossings,  etc. 
On  passenger  trains  a  sufficient  reduction  (8  to  10  pounds) 
should  be  made  to  feel  the  brakes  holding  well^  also  no- 
ticing the  length  of  the  blow  from  the  train  line  exhaust. 
On  long  freight  trains,  releasing  brakes  while  moving  is 
such  poor  practice  that  it  is  generally  better  to  make  only 
a  three  or  four  pound  reduction  for  a  running  test,  deter- 
mining the  length  of  the  train  from  the  train  line  exhaust. 
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Question  lo. — What  is  the  leakage  groove  in  the  brake 
cylinder  for? 

Answer  lO. — To  allow  the  air  to  pass  by  the  piston  and 
not  set  the  brake  when  the  train  pipe  pressure  is  reduced 
slowly  by  ordinary  leakage.  This  groove  is  long  enough 
so  that  the  piston  has  to  travel  over  3  inches  to  cover  it, 
and  is  in  the  back  end  of  all  cylinders  except  driver 
brakes. 

Question  11. — In  making  a  service  application,  what 
should  the  first  reduction  be?    Explain  why. 

Answer  11. — From  5  to  8  pounds,  sufficient  to  get  all 
pistons  by  the  leakage  grooves.  With  10  to  15  cars,  5 
pounds  would  do  this,  with  50  to  60  cars,  8  pounds  would 
be  necessary. 

Question  12. — Does  a  long  train  require  a  heavier  re- 
duction than  a  short  train  ?    Why  ? 

Answer  12. — Yes,  because  the  train  line  exhaust  open- 
ing is  the  same  size  for  all  length  trains,  hence  the  longer 
the  train,  the  slower  the  reduction  in  train  pipe  pressure 
and  the  slower  the  pistons  move  past  their  leakage 
grooves ;  unless  the  reduction  is  continued  until  each  pis- 
ton passes  the  leakage  groove,  that  brake  will  not  apply 
in  making  the  stop,  or  if  it  does  set  later  it  will  be  with 
a  less  pressure. 

Question  13. — From  a  seventy-pound  train  pipe  pres- 
sure, how  much  of  a  reduction  will  be  required  to  apply 
the  brakes  in  full  ? 

Answer  13. — From  18  to  20  pounds  with  an  8  inch 
piston  travel — the  greater  reduction  on  long  trains  on  ac- 
count of  more  loss  at  the  leakage  grooves. 

Question  14. — Has  the  piston  travel  anything  to  do 
with  the  pressure  obtained  in  the  brake  cylinder? 

Answer  14. — ^Yes,  the  shorter  the  travel  (if  beyond  thf 
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leakage  groove)  the  greater  the  pressure,  as  the  space  to 
fill  is  5o  much  smaller. 

Question  15. — With  proper  pressure  and  proper  piston 
travel,  what  is  the  brake  cyUnder  pressure  with  a  full 
service  application?    With  an  emergency  application? 

Answer  15. — About  50  pounds  in  service;  about  60 
pounds  in  emergency  with  the  quick  action  triple. 

Question  16. — Is  there  any  difference  in  these  brake 
cylinder  pressures  with  different  forms  of  triples? 

Answer  16. — ^Yes,  with  the  plain  triple  there  is  no 
greater  pressure  in  the  cylinder  from  emergency  than 
from  service  application. 

Question  17. — How  should  you  apply  and  release  the 
brakes  on  a  part  air-braked  freight  train?  How  on  a 
very  long  all-air  train? 

Answer  17. — Shut  off  and  let  all  the  slack  that  will  run 
in,  then  make  the  first  application  as  per  answer  No.  11 
above.  Increase  the  application  as  necessary.  To  release 
this  part  air  train  if  necessary  while  moving,  let  off  a  few 
brakes  at  a  time  by  placing  the  brake  valve  in  running 
position  a  second  and  back  to  lap  several  times  in  slow 
succession ;  when  you  think  they  are  all  off,  to  full  release, 
then  running  position,  and  let  the  slack  run  out  before 
carefully  working  steam.  With  a  very  long  all-air  train 
it  is  practically  impossible  to  jerk  the  train,  no  matter  how 
you  apply  the  brakes  in  service.  First  reduce  8  or  9 
pounds,  then  10  to  15  more  as  is  necessary  to  stop.  If 
avoidable,  do  not  release  at  all  when  moving  or  you  will 
likely  break  the  train  in  two,  especially  when  moving  very 
slowly.  If  necessary  to  release  at  the  foot  of  a  grade,  do 
so  while  the  rear  part  of  the  train  is  still  on  the  hill.  If 
you  have  an  independent,  or  straight  air  brake  on  the  en- 
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gine,  keep  it  set  tight  until  the  train  brakes  ai;e  all  re- 
leased. 

Question  i8. — How  would  you  make  a  two-application 
stop  with  a  passenger  train? 

Answer  i8. — If  fast  time  is  to  be  made,  run  fast  up 
near  the  station,  apply  lo  to  15  or  even  20  pounds  in 
service,  when  the  train  is  down  to  about  15  to  20  miles 
per  hour  speed,  release  in  full  release  and  back  to  lap; 
then  apply  with  two  or  three  S  pound  reductions,  as  nec- 
essary to  stop  right. 

Question  19. — How  and  when  would  you  release  the 
brakes  on  a  short  passenger  train  ?  On  a  long  passenger 
train  (over  ten  cars)  ? 

Answer  19. — Release  the  brakes  on  a  short  passenger 
train  just  5  or  6  feet  before  stopping;  on  a  very  long  pas- 
senger train,  release  10  or  12  feet  before  stopping.  More 
depends  upon  how  much  pressure  you  have  in  the  brake 
cylinders  than  on  the  length  of  train.  Try  to  release  just 
as  early  as  you  can  and  still  not  let  the  train  run  along. 

Question  20. — How  and  when  would  you  release  the 
brakes  on  a  short  freight?    How  on  a  long  freight  train? 

Answer  20. — Not  until  the  full  stop  is  made  on  any 
length  freight  train,  if  it  can  be  avoided.  See  answer 
to  No.  17. 

Question  21. — How  should  a  stop  at  a  water  tank  or 
coal  chute  be  made  with  a  long  freight  train? 

Answer  21. — Stop  a  few  car  lengths  short;  cut  off  the 
engine  to  take  coal  or  water. 

Question  22. — In  switching  with  an  air  brake  train, 
and  picking  up  uncharged  cars,  how  should  you  handle 
engineer's  valve? 

Answer  22. — ^A  high  main  reservoir  pressure  will  re- 
lease a  low  auxiliary  pressure;  hence,  before  coupling 
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to  the  uncharged  cars  see  that  this  condition  exists  even 
if  you  have  to  set  and  release  the  brakes  (without  re- 
charging) you  have  coupled  to  the  engine.  When  coupled 
up,  the  handle  on  lap  and  a  high  excess  pressure,  you 
will  be  able  to  release  and  move  at  once.  Leave  the  valve 
in  full  release  until  the  gauge  hands  begin  to  rise. 

Question  2^. — When  applying  the  brakes  in  service, 
can  you  detect  if  any  brake  sets  quick  action?    Explain. 

Answer  23. — If  standing,  by  the  train  line  exhaust; 
if  moving,  also  by  the  jerking  of  the  train.  If  the  exhaust 
from  the  train  line  stops  suddenly  while  the  valve  is  in 
service  application  position  (it  may  or  may  not  start 
again  according  to  how  much  reduction  is  made),  it 
shows  that  the  train  pipe  pressure  has  dropped  faster  and 
lower  than  the  pressure  in  Chamber  "D."  Emergency 
does  this  by  venting  part  of  the  train  pipe  pressure  di- 
rectly to  the  brake  cylinders. 

Question  24. — If  one  quick  action  triple  goes  into 
emergency,  will  the  others  follow?  How  will  you  locate 
this  defective  triple? 

Answer  24. — Yes ;  if  it  is  a  quick  action  triple  all  the 
other  triples  of  either  kind  will  go  to  emergency.  Rare 
exceptions  to  this  rule  may  occur  where  a  large  number 
of  plain  triples,  or  cars  having  brakes  cut  out  are  placed 
together  in  a  train.  One  method  is  to  set  about  5  pounds 
in  service  application  and  then  find  out  which  cars  having 
quick  action  triple  valves  have  not  set;  have  someone 
watch  each  car  while  increasing  three  to  five  pounds  more 
in  the  service  application.  The  car  that  sets  in  quick  ac- 
tion first  is  the  defective  one,  but  as  emergency  travels  at 
the  rate  of  about  twenty-three  cars  per  second,  it  is  best 
to  cut  out  one  of  the  cars  that  did  not  set  at  the  first 
reduction,  and  have  the  application  continued;  if  this 
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proved  not  to  have  been  the  one  thus  defective,  test  the 
train  again,  cutting  out  another  car  that  failed  on  the  firsl 
application,  until  the  defective  car  is  located.  Another 
and  ordinarily  shorter  method  is  as  follows :  Cut  the  air 
cars  in  two  equal  sections  and  repeat  the  test  for  trying 
brakes.  This  will  tell  which  half  of  the  train  is  defective. 
Then  take  one-quarter  or  three-quarters,  according  to 
whether  the  defective  car  is  in  the  front  half  or  back  half 
of  the  train,  and  continue  in  this  way  (never  trying  with 
less  than  three  car  lengths  of  piping)  until  the  defective 
car  is  found  and  cut  out.  A  broken  graduating  pin  in  the 
quick  action  triple,  or  a  sticky  triple  piston  will  cause  a 
brake  to  set  quick  action,  and  although  this  rarely  occurs, 
no  train  should  be  taken  out  of  the  station  until  the  de- 
fective car  is  located  and  cut  out.  It  sould  be  done  be- 
fore damage  occurs. 

Question  25. — Should  the  brakes  be  released  before  un- 
coupling from  train?    Why? 

Answer  25. — ^Yes,  in  order  that  the  cars  can  be  switched 
and  the  car  repairers  can  tap  (test)  the  wheels  or  jack 
up  a  journal  box ;  also  to  prevent  shoes  from  freezing  to 
the  wheels,  and  especially  because  a  brake  that  is  applied 
leaks  so  rapidly  that  in  changing  engines  it  may  be  found 
that  much  of  the  air  has  escaped. 

Question  26. — In  descending  a  grade  how  can  you  best 
keep  a  train  under  control? 

Answer  26. — ^The  best  way  is  to  apply  the  air  lightly 
while  the  train  is  moving  slowly,  keep  the  train  at  a  slow 
speed,  and  the  train-line  pressure  as  high  as  possible  all 
the  time.  To  do  this,  if  it  is  necessary  to  recharge,  reduce 
the  speed  below  the  average  just  before  rechareing.  To 
recharge,  handle  the  train  a«^  though  a  flagman  had  been 
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seen  half  a  mile  ahead,  that  is,  go  slowly  and  exercise 
caution. 

Question  27. — In  what  position  would  you  carry  the 
brake  valve  handle  between  applications  of  the  brake 
while  descending  a  grade  ?    Why  ? 

Answer  2"]. — Full  release  up  to  the  standard  train  line 
pressure,  because  you  can  thus  charge  up  the  more 
quickly. 

Question  28. — How  rapidly  does  an  auxiliary  charge 
from  fifty  to  seventy  pounds?  When  should  you  bear 
this  in  mind  particularly  ? 

Answer  28. — ^About  half  a  pound  a  second.  In  making 
a  second  application  soon  after  having  released. 

Question  29. — Explain  the  operation  of  the  pressure 
retaining  valve.     What  is  its  use? 

Answer  29. — It  is  a  weighted  valve  which  the  triple 
exhaust  from  the  cylinder  has  to  raise  in  order  to  escape 
when  the  handle  is  turned  up,  before  the  brake  is  released. 
It  causes  the  release  to  be  slower,  and  finally  holds  from 
15  to  20  pounds  pressure  in  th^  brake  cylinder  while  the 
auxiliary  reservoir  is  being  recharged. 

Question  30. — How  many  pounds  of  air  is  it  intended 
to  close  up  on,  and  hold  in  the  brake  cylinder? 

Answer  30. — Fifteen  to  twenty  pounds. 

Question  31. — Does  the  brake  release  any  slower  tmtil 
it  gets  down  to  this  pressure  ? 

Answer  31. — ^Yes,  see  answer  29. 

Question  32. — Name  the  defects  which  cause  the  re- 
taining valve  to  be  ineffective. 

Answer  32. — Dirt  under  valve,  cock  leaking,  retainer 
pipe  leaking. 

Question  33. — How  do  you  make  a  test  of  retaining 
valves  ? 
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Answer  33. — Reduce  10  to  15  pounds  train  line  and 
then  release  with  the  retainers  turned  up.  The  retainer 
should  hold  the  brake  set  at  least  two  minutes. 

Question  34, — ^When  brakes  go  on  suddenly  without 
the  action  of  the  engineer,  what  are  the  causes?  And 
what  should  you  do? 

Answer  34. — ^The  train  has  parted,  a  hose  has  burst, 
or  a  valve  has  been  pulled  open.  Shut  off  at  once  under 
all  circumstances  and  place  the  brake  valve  on  lap  as 
quickly  as  possible. 

Question  35. — If  you  found  the  train  was  broken  in 
two,  how  would  you  proceed  to  get  under  way  again 
promptly  ? 

Answer  35. — ^When  the  train  iias  been  brought  to  a 
stop,  I  would  place  the  handle  in  running  position  to  see 
if  the  train  pipe  is  still  open.  If  I  thought  it  was  a  burst 
hose,  I  would  keep  the  handle  moving  from  lap  to  run- 
ning position  and  back,  so  that  the  trainmen  could  hear 
the  air  escaping  from  the  burst  hose.  If  I  find  that  the 
black  hand  is  gaining  in  running  position,  I  would  know 
that  the  trainmen  had  found  the  defec^  and  had  closed 
the  angle  cock  ahead  of  it.  I  would  then  release  the  head 
brakes  and  lap  the  valve,  so  as  to  pump  up  excess  ready 
to  release  the  rear  cars  when  the  hose  had  been  replaced, 
or  the  train  recoupled  if  it  had  been  parted. 

Question  36. — How  would  you  proceed  in  case  of  a 
bursted  hose?    How  can  you  help  trainmen  to  locate  it? 

Answer  36. — By  occasionally  throwing  the  brake  valve 
to  release  and  back  to  lap. 

Question  37. — ^Why  is  it  dangerous  to  apply  and  release 
the  brakes  repeatedly  on  grades,  and  at  station  stops? 

Answer  37. — If  the  auxiliary  reservoirs  are  not  given 
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time  to  recharge  between  applications,  there  will  not  be 
sufficient  pressure  left  with  which  to  make  a  stop. 

Question  38. — ^When  two  or  more  engines  are  coupled 
together,  which  engineman  should  do  the  braking?  What 
should  the  other  engineman  do? 

Answer  38. — ^The  head  engineman.  Close  the  cut  out 
cock  underneath  each  brake  valve,  except  the  head  one, 
place  the  valve  in  running  position  and  keep  the  pump 
running  in  case  of  necessity. 

Question  39. — ^Why  is  it  important  to  have  driver 
brakes  in  good  order? 

Answer  39. — Because  they  are  the  most  powerful 
brakes  on  the  train,  are  used  the  most,  keep  the  tires 
worn  down  and  prevent  the  engine  from  pulling  away 
from  the  tank  or  train. 

Question  40. — How  would  you  test  for  leaks  in  driver 
brakes  ? 

Answer  40. — Make  four  5  pound  reductions  (and  see 
that  they  apply  with  the  first)  and  they  should  remain 
set  at  least  three  minutes.  If  not,  set  fully  or  in  "straight 
air"  and  examine  with  a  torch  all  joints  and  pipes  from 
the  triple  valve  to  both  cylinders  and  all  parts  of  the 
latter. 

Question  41. — Would  you  reverse  an  engine  with  the 
driver  brakes  applied?    Why? 

Answer  41. — Not  if  the  brakes  were  in  good  order; 
because  it  would  slide  the  wheels  and  not  stop  as  quickly. 

Question  42. — ^What  is  the  proper  piston  travel  for  en- 
gine brakes  ?  For  tender  brakes  ?  For  car  brakes  ?  Ex- 
plain how  each  is  adjusted. 

Answer  42. — Generally  speaking  the  piston  travel 
shotild  be  kept  between  one-half  to  three- fourths  the  length 
vf  pU  kinds  of  brake  cylinders  except  drivers.    It  is  ^^d 
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visable,  however,  that  freight  cars  be  taken  up  to  five 
inches  when  empty  and  drivers  are  best  kept  between  two 
and  four  inches.  It  occurs  in  the  practice  of  some  com- 
panies, that  engine  trucks,  and  ore  cars  or  other  cars  of 
special  construction  have  cylinders  but  eight  inches  long. 
In  passenger  cars  the  slack  is  taken  up  by  the  turn-buckles 
or  dead  levers.  In  freight  cars  and  tenders  it  is  taken  up 
by  the  dead  levers,  or  bottom  rods  for  inside  connected 
brakes.  In  cam  driver  brakes,  it  is  taken  up  by  length- 
ening the  arms,  and  in  truck  brakes  by  lengthening  the 
outside  afms. 

Question  43. — ^What  is  the  percentage  of  braking 
power  on  an  engine?  A  tender?  A  passenger  car?  A 
freight  car? 

Answer  43. — ^About  70  per  cent;  100  per  cent  of  its 
weight  without  coal  or  water ;  90  per  cent  passenger  and 
about  70  per  cent  for  empty  freight  cars. 

Question  44. — Do  you  consider  a  good  light  on  the  air 
gauge  as  important  as  on  the  steam  gauge?  How  often 
and  at  what  places  should  you  look  at  the  air  gauge  ? 

Answer  44. — Yes,  more  so,  as  steam  is  indicated  by 
the  working  of  the  engine,  while,  until  ready  for  its  use, 
there  is  no  certain  indication  of  the  amount  of  air  pres- 
sure except  by  the  gauge,  which  must  be  clearly  seen. 
Clear  vision  of  the  air  gauge  at  night  is  very  important, 
and  should  be  given  proper  attention ;  the  light  from  the 
fire-box  when  the  door  is  open  is  not  sufficient.  When 
whistling  for  road  crossings,  or  other  similar  places,  and 
about  two  miles  from  all  dangerous  places,  or  places 
where  the  train  is  to  stop,  the  gauge  should  be  examined 
particularly. 

Question  45. — Do  you  appreciate  the  fact  that  hand- 
ling the  air  brakes  is  a  task  requiring  skill  and  close  at- 
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tention,  to  insure  the  comfort  of  passengers  and  the  safety 
of  freight  and  cars? 

Answer  45. — I  do. 

Question  46. — Do  you  understand  that  a  failure  of  air 
brakes  to  work  is  invariably  due  to  the  failure  of  some 
man  to  do  the  proper  thing  at  the  proper  time  ? 

Answer  46. — I  do. 

Question  47. — Do  you  understand  that  all  brakes  must 
be  kept  in  good  order  to  give  proper  service,  and  that 
proper  reports  of  their  condition  must  be  made  by  men 
operating  them  to  insure  their  maintenance?     ' 

Answer  47. — I  do. 


SUPPLEMENTARY  EXAML 
NATION  HELPS 

FIRST,  SECOND  AND  THIRD  YEARS 

FIRST  YEAR 

Q.  Have  you  acquired  the  habit  of  comparing  time 
with  your  engineer,  and  do  you  insist  on  seeing  the  train 
orders,  as  provided  for  in  Transportation  rules,  under 
the  head,  "Rules  for. Movement  by  Train  Orders?" 

A.  I  do. 

Q.  Do  you  thoroughly  understand  all  the  signals  on 
the  road? 

A.  I  do. 

Q.  In  addition  to  the  regular  danger  signals  of  the 
company,  what  else  do  you  consider  a  danger  signal  ? 

A.  If  between  stations  at  night,  any  kind  of  a  light 
vigorously  waved  on  the  track.  If  in  daytime  someone 
should  be  seen  waving  a  flag  or  hat,  on,  or  alongside  the 
track  ahead  of  the  train,  I  would  consider  it  a  danger 
signal. 

Q.  If  you  should  discover  that  a  fixed  signal  is  missing 
or  imperfectly  displayed,  what  is  your  duty? 

A.  To  notify  the  engineer  at  once. 

Q.  What  is  the  main  difference  between  bituminous 
and  anthracite  coals? 

A.  Anthracite  coal  contains  *more  fixed  carbon,  and 
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gives  out  very  little  flame  or  combustible  gases  during  the 
process  of  burning  and  it  also  bums  very  slow  as  com- 
pared with  bituminous  coal. 

Q.  What  is  carbon,  and  whence  do  we  obtain  oxygen  ? 

A.  Carbon  is  the  main  element  of  organic  nature.  The 
oxygen  necessary  for  combustion  is  supplied  from  the 
atmosphere. 

Q.  What  per  cent  of  oxygen  is  in  the  atmosphere  ? 

A.  By  volume,  21  per  cent;  by  weight,  23  per  cent. 

Q.  About  what  per  cent  of  carbon  is  there  in  bitumi- 
nous coal? 

A.  About  80  per  cent. 

Q.  What  other  heat-giving  properties  are  there  in 
bituminous  coal? 

A.  Hydrogen ;  about  5  per  cent. 

Q.  What  is  the  appearance  of  a  fire  when  it  is  at  a 
very  high  temperature? 

A.  It  burns  with  a  clear,  white  color,  giving  off  very 
little  black  smoke. 

Q.  Is  it  necessary  to  prevent  black  smoke?  If  so, 
why? 

A.  It  is  necessary  to  use  every  effort  to  prevent  it — 
first,  for  economical  reasons ;  second,  on  account  of  cer- 
tain city  ordinances. 

Q.  Has  a  locomotive  a  natural  or  forced  draft,  while 
working  ? 

A.  Forced  draft. 

Q.  What  is  the  object  of  having  exhaust  steam  go 
through  the  stack? 

A.  To  create  a  partial  vacuum  in  the  front  end,  and 
thus  aid  in  causing  a  forced  draft. 
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0:  When  the  fuel  burns  mostly  in  the  front  end  of  the 
firebox,  what  does  it  denote? 

A.  That  the  diaphragm  should  be  slightly  raised. 

Q.  When  it  burns  mostly  under  the  firebox  door,  what 
does  it  indicate? 

A.  That  the  diaphragm  should  be  slightly  lowered 

Q.  How  can  these  defects  be  remedied? 

A.  By  properly  adjusting  the  diaphragm. 

Q.  Why  are  grates  made  to  shake,  and  when  should 
they  be  shaken  ? 

A.  To  keep  them  free  from  ashes  and  clinker. 

Q.  What  will  result  from  allowing  the  ash  pan  to 
fill  up? 

A.  It  will  prevent  the  proper  admission  of  air  to  the 
firebox,  and  the  ash  pan  is  liable  to  become  warped. 

Q.  What  is  the  proper  method  of  using  dampers  ? 

A.  The  damper  should  be  given  the  amount  of  open- 
ing that  will  admit  the  proper  quantity  of  air.  It  is  best 
to  admit  mostj  or  all  of  the  air  if  possible,  through  the 
back  damper  opening. 

Q.  Why  are  the  holes  in  the  firebox  door,  and  deflector 
inside  of  furnace  a  benefit  ? 

A.  For  the  purpose  of  admitting  air  above  the  grates. 

Q.  Do  you  think  it  is  to  your  own  and  the  company's 
interest  to  assist  the  engineer  in  the  performance  of  his 
duties  ? 

A.  Yes,  w^hen  I  can  do  so  without  neglecting  my  own 
duties  as  a  fireman. 

Q.  What  are  the  advantages  of  a  large  grate  area? 

A.  The  admission  of  sufficient  air  to  supply  combus- 
tion needs  of  heavy  working  engines. 
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Q.  What  are  the  duties  of  a  fireman  on  arrival  at  ter- 
minal, regarding  dampers  and  signals? 

A.  He  should  take  in  his  flags  or  extinguish  his  lamps, 
and  see  that  the  engine  has  sufficient  fire  and  water  to 
last  until  the  hostler  gets  around.  The  dampers  should 
be  left  as  near  closed  as  possible. 

Q.  Do  you  consider  it  essential  to  your  success  in  the 
business  to  abstain  from  the  use  of  intoxicating  liquors  ? 

A  I  most  certainly  do. 

Q.  Do  you  consider  it  to  your  interest  to  keep  the 
engine  you  are  firing  in  as  cleanly  a  condition  as  possible 
under  the  circumstances  ? 

A.  I  certainly  do. 

Q.  Do  you  consider  it  to  your  interest  to  cheerfully 
comply  with  all  orders  emanating  from  your  superior 
officers  ? 

A.  I  do. 

SECOND    YEAR 

Q.  If  the  fire  were  not  getting  air  enough  through  the 
grates  why  not  partially  open  the  door  to  supply  the 
deficiency  ? 

A.  Because  the  admission  of  air  through  the  door  has 
a  tendency  to  cool  the  gases,  thereby  causing  a  loss  t)f 
heat. 

Q.  How  can  you  admit  too  much  air  ? 

A.  By  leaving  the  dampers  wide  open,  also  by  leaving 
the  door  open  between  shovels  full  of  coal. 

Q.  In  the  case  of  an  engine  working  hard,  and  using 
bituminous  coal,  do  you  think  it  possible  to  admit  too 
much  air  through  the. fire? 
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A.  Not  if  all  the  air  admitted  passes  up  through  the 
grate. 

Q.  What  is  known  as  the  leg  of  a  boiler? 

A.  That  portion  of  the  boiler  which  forms  the  four 
sides  of  the  firebox. 

Q.  What  parts  are  surrounded  by  water,  and  why? 

A.  All  portions  of  the  heating  surface,  including. the 
side  sheets,  crown  sheet,  flue  sheet,  flues  and  end  sheets. 
To  prevent  overheating. 

Q.  What  is  commonly  termed  a  "wide''  firebox? 

A.  A  firebox  which  extends  outward  over  the  back 
drivers,  or  trailers. 

Q.  What  is  the  object  of  having  wide  fireboxes? 

A.  To  obtain  increased  heating  surface  and  larger 
grate  area. 

Q.  For  what  reason  are  boilers  constructed  with 
"-wagon  tops?" 

A.  In  order  to  obtain  a  sufficiently  large  firebox,  also 
larger  steam  space. 

Q.  How  is  circulation  assisted  by  use  of  arch  tubes? 

A.  The  water  in  the  tubes  being  heated  very  rapidly,  is 
constantly  passing  out  of  the  tubes  at  the  top,  while  water 
at  a  lower  temperature  is  entering  the  tubes  at  the  bottom. 

Q.  What  are  the  principal  causes  of  water  being  car- 
ried over  into  the  cylinders  from  the  boiler? 

A.  Priming  and  foaming. 

Q.  In  the  event  of  losing  the  water  in  the  boiler  from 
any  cause,  how  would  you  be  governed  ? 

A.  Would  smother,  or  knock  out  the  fire  as  quickly  as 
possible,  so  as  to  prevent  damage  to  the  firebox  sheets 
and  flues. 
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Q.  Are  you  familiar  with  the  benefits  to  be  derived 
from  superheating? 

A.  I  am.  Service  tests  have  shown  a  saving  of  33  per 
cent  in  fuel  consumption,  effected  by  superheating  the 
steam. 

Q.  Have  you  consulted  any  recognized  authority  as  to 
the  amount  of  water  that  ought  to  be  evaporated  in  a 
locomotive  boiler  to  the  pound  of  fuel  ? 

A.  I  have. 

Q.  Why  is  netting  placed  in  the  front  end  of  coal-burn- 
ing locomotives  ? 

A.  To  prevent  the  sparks  from  passing  out  through 
the  stack. 

Q.  What  is  the  least  depth  of  water  on  crown  sheet 
that  is  safe? 

A.  Four  inches. 

Q.  Would  you  feed  oil  as  fast  for  a  speed  of  fifteen 
miles  per  hour  as  for  a  speed  of  thirty  miles  per  hour  ? 

A.  The  faster  the  speed  of  the  engine,  the  more  oil  is 
required  in  a  given  time. 

Q.  Name  a  few  of  the  principal  troubles  that  are  to  be 
looked  for  on  a  locomotive. 

A.  Bursted  flues,  injectors  working  badly,  boiler  foam- 
ing or  priming,  hot  bearings  (including  eccentrics), 
break-downs  of  valve  gear,  main  rods  and  side  rods,  pis- 
tons, valves,  etc. 

Q.  What  is  a  dry  valve,  and  how  can  it  be  located  ? 

A.  A  valve  is  dry  when  it  is  not  receiving  enough  oil. 

Q.  If  the  sand-pipe  on  one  side  of  an  engine  becomes 
clogged  is  it  advisable  to  sand  the  rail  from  the  other  side 
only  ? 

A.  It  is  not. 
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Q.  Are  you  familiar  with  the  construction  of  Steven- 
son and  Walschaert  valve  gears? 

A.  I  am. 

Q.  Are  you  on  good  terms  with  your  engineer,  and  do 
you  discuss  matters  with  him  pertaining  to  your  business, 
and  are  you  interested  in  his  train  orders,  etc.  ? 

A.  My  engineer  and  I  are  good  friends,  and  we  do 
discuss  matters  pertaining  to  our  business ;  I  also  am  in- 
terested in  the  train  orders. 

Q.  Do  you  consider  it  to  your  interest  to  work  to  the 
best  of  your  ability  for  the  interests  of  your  employer, 
and  be  economical  in  the  use  of  fuel  and  supplies  ? 

A.  I  certainly  do. 

Q.  In  the  event  of  blower  becoming  disconnected,  how 
could  you  create  a  draft  on  the  fire  ? 

A.  Would  keep  the  grates  free  from  ashes  and  clink- 
ers, and  would  keep  the  ash  pan  clean;  also  break  the 
coal  into  lumps  of  the  proper  size,  and  endeavor  to  keep 
the  fire  as  light  as  possible.   • 

THIRD  YEAR. 

Q.  Why  must  the  rails  be  sanded  before  starting? 

A.  In  order  to  prevent  the  engine  slipping. 

Q.  In  case  the  boiler  failed  completely,  how  would  you 
prepare  to  be  towed  ? 

A.  Would  disconnect  both  main  rods,  and  block  both 
cross  heads  forward,  putting  a  small  block  at  forward 
end  of  cross  head.  Disconnect  and  take  down  eccentric 
rods  and  straps,  both  sides,  and  place  them  on  the  tender. 
If  in  cold  weather  would  drain  all  water  out  of  boiler 
and  pipes  in  order  to  prevent  freezing. 
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Q.  What  is  the  principal  cause  of  more  broken  cylin- 
der heads,  packing  rings  and  intermediate  heads  than  any 
other  one  thing? 

A.  Water  in  the  cylinders,  caused  by  boiler  foaming 
or  priming.  Another  cause  is  reversing  engine  when  run- 
ning at  high  speed. 

Q.  Can  the  lengths  of  the  side  rods  of  an  engine  be 
altered  by  keying  in  any  other  position  than  on  the 
center  ? 

A.  Yes.  Side  rods  should  never  be  keyed  except 
when  engine  is  on  center,  and  should  be  tried  on  both 
forward  and  back  centers. 

Q.  What  would  you  do  in  case  you  lost  a  rod  key? 

A.  If  I  had  no  extra  key  to  replace  it  would  discon- 
nect, and  proceed  with  one  side. 

Q.  When  necessary  to  disconnect  main  rod,  is  it  neces- 
sary in  all  cases  to  block  crosshead? 

A.  Yes. 

Q.  If  an  engine  pounds  when  steam  is  shut  off,  what 
would  it  indicate? 

A.  Main  rod  keyed  too  long,  or  a  loose  follower  bolt. 

Q.  How    fast    would    you    run    with    broken    tires? 

A.  Would  run  slow  and  carefully. 

Q.  Is  it  your  duty  as  an  engineer  to  supervise  and  di- 
rect the  fireman  in  his  work  upon  the  engine? 

A.  It  is. 

Q.  Do  you  understand  that  it  is  your  duty  to  so  famil- 
iarize yourself  with  the  locomotive  and  its  appliances  as 
to  do  necessary  work  while  on  the  road  and  report  repairs 
intelligently  on  the  work  book? 

A.  I  do. 
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Q.  What  benefits  are  derived  from  flange  lubricators, 
and  how  operated? 

A.  Reduces  friction.     Should  be  watched  closely. 

Q.  What  should  be  done  to  lubricate  cylinders  while 
drifting? 

A.  Increase  the  oil  feeds. 

Q.  What  is  the  cause  of  injector  spilling  steam  and 
water  at  the  overflow  when  the  injector  is  working? 

A.  Obstructed  flow  of  steam  to  injector  throttle. 
Check  valve  partly  lifting. 

Q.  What  is  the  object  of  having  a  blow-off  cock  in  the 
water  leg  of  a  boiler  ? 

A.  In  order  to  blow  out  the  sediment,  most  of  which 
settles  there. 

Q.  Explain  the  principal  difference  in  two  radically 
different  piston  valves. 

A.  One  type  is  hollow  and  the  steam  flows  through 
lengthwise.  It  is  also  lighter  and  more  evenly  balanced 
than  is  the  other  type  which  is  solid. 

Q.  Why  are  valves  given  lap? 

A.  First,  that  the  steam  may  be  cut  off  before  the  pis- 
ton reaches  the  end  of  its  stroke,  thus  utilizing  its  expan- 
sive properties.  Second,  it  causes  the  exhaust  port  at 
one  end  of  the  cylinder  to  be  opened  before  the  steam 
port  at  the  other  end  is  uncovered  for  the  admission  of 
steam. 

Q.  In  the  event  of  a  valve  stem  becoming  broken  on  an 
engine  equipped  with  the  Young  valve,  how  may  engine 
be  put  in  safe  condition  ? 

A.  Disconnect  valve  rod,  and  place  and  secure  the 
wrist  plate  in  its  central  position. 

Q.  How  is  the  Young  valve  operated  ? 
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A.  By  the  Stephenson  gear,  with  the  addition  of  a 
wrist  plate  located  between  the  cylinder  saddles  and  the 
steam  chests,  and  which  rotates  on  trunnioned  bearings. 

COMPOUND    ENGINES 

Q.  What  is  the  difference  between  a  four-cylinder  tan- 
dem, a  Vauclain,  a  balanced,  and  a  Mallet  compound  in 
arrangement  of  cylinders  ? 

A.  The   tandem   has  one  cylinder  behind  the   other. 

»  

The  Vauclain  has  one  cylinder  above  the  other.  The 
balanced  has  four  cylinders,  the  two  high  pressure  being 
placed  between  the  frames,  and  the  low  pressure  cylin- 
ders outside.  The  Mallet  has  two  complete  sets  of  driv- 
ing wheels,  and  the  two  high  pressure  cylinders  are  con- 
nected with  the  rear  set,  while  the  two  low  pressure  are 
connected  with  the  forward  set. 
.    Q.  How  many  main  steam  valves  has  each  type  ? 

A.  The  tandem  has  four,  the  Vauclain  two,  the  bal- 
anced two,  the  Mallet  four. 

Q.  Why  are  the  low-pressure  cylinders  made  larger 
than  the  high-pressure? 

A.  To  obtain  necessary  piston  area. 

Q.  What  does  it  mean  to  "simple"  a  compound  engine, 
and  when  should  it  be  done  ? 

A.  Working  live  steam  in  high  and  low  pressure  cyl- 
inders. Only  in  starting  a  heavy  train;  or  while  ascend- 
ing a  steep  grade. 

Q.  When  a  train  is  ready,  how  should  a  compound 
engine  be  started  and  what  should  be  observed? 

A.  See  that  the  rail  is  first  sanded,  and  be  sure  to  have 
the  cylinder  cocks  open. 
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Q.  In  case  it  is  necessary  to  disconnect  low-pressure 
main  rod  on  balanced  compound,  what  would  you  do? 

A.  Remove  low-pressure  piston,  replace  the  cylinder 
head,  and  run  that  side  as  a  single  expansion  engine. 

MALLET  COMPOUNDS 

Q.  How  do  you  test- for  high-pressure  valve  blow  on 
Mallet  engines  ?    How  for  low-pressure  ? 

A.  For  high  pressure  valve  proceed  in  the  same  man- 
ner as  for  simple  engine.  To  test  low-pressure  valye, 
place  valve  central,  then  admit  high  pressure  steam  from 
boiler  through  receiving  pipe,  by  opening  starting  valve 
slightly. 

Q.  Describe  the  articulated  feature  of  the  Mallet  com- 
pound. 

A.  Two  sets  of  drivers,  each  having  an  independent 
set  of  frames,  cylinders,  pistons,  cross-heads,  connect- 
ing rods,  and  valve  gear,  all  under  one  boiler,  the  two 
sets  united  by  a  flexible  joint.  The  meaning  of  the  word 
"articulated"  is  jointed. 

WALSCHAERT  VALVE  GEAR 

Q.  Describe  in  a  general  way  the  difference  between 
Walschaert  and  Stephenson  valve  gear  ? 

A.  The  Walschaert  valve  gear  requires  but  one  eccen- 
tric, or  its  equivalent,  while  the  Stephenson  requires  two 
eccentrics.  The  Walschaert  gives  a  constant  lead,  but 
with  the  Stephenson  the  lead  varies  with  the  point  of  cut- 
off. The  Walschaert  gear  is  placed  outside  of  the  driv- 
ers, is  more  accessible  than  the  Stephenson.     There  is 
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much  less  friction  in  the  Walschaert  than  in  the  Stephen- 
son gear. 

Q.  How  are  the  valves  given  lead  with  Walschaert 
gear? 

A.  By  means  of  the  combination  lever,  receiving-   its 
motion  from  the  cross-head. 

Q.  When  engine  is  reversed,  does  it  change  the  motion 
from  direct  to  indirect? 

A.  Yes,  with  the  Walschaert  valve  gear. 

Q.  When  engine  is  in  forward  motion,  where  is  the 
link  block,  at  top  or  bottom  of  link? 

A.  That  depends  upon  the  design  of  the  gear.  The 
usual  practice  in  American  design  brings  the  link  block 
in  the  lower  half  of  the  link  when  engine  is  in  forward 
motion. 

Q.  With  Walschaert  gear,  how  can  you  tell  whether 
valve  is  outside  or  inside  admission? 

A.  With  outside  admission  the  eccentric  crank  is 
located  90  degrees  ahead  of  the  main  crank  pin ;  the  valve 
stem  being  connected  to  upper  end  of  combination  lever, 
with  radius  rod  connected  beneath  it.  With  inside  admis- 
mission,  eccentric  crank  is  90  degrees  behind  crank  pin 
while  the  radius  rod  is  connected  to  upper  end  of  com- 
bination lever,  with  valve  stem  beneath  it. 

BAKER-PILLIOD   VALVE    GEAR 

Q.  Explain  the  principal  of  the  Baker-Pilliod  valve 
gear. 

A.  With  this  valve  gear  the  motion  of  the  valve  is  de- 
rived from  two  independent  sources,  viz. :  the  crank  pin 
through  an  eccentric  crank  set  at  right  angles  to  the  main 
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crank,  and  connection  to  the  cross-head  through  a  swing- 
ing lever.  In  place  of  the  link,  a  reverse  yoke  is  em- 
ployed. 

Q.  In  case  of  broken  eccentric  crank  or  eccentric  rod, 
how  would  you  disconnect  an  engine  having  Baker-Pil- 
liod  valve  motion  ? 

A.  Proceed  in  a  similar  manner  as  with  the  Wals- 
chaert  valve  gear. 

SUPERHEATER 

Q.  What  is  a  superheater? 

A.  A  device  for  imparting  a  higher  temperature  to  the 
steam  than  is  due  to  the  temperature  of  the  water  from 
which  it  has  been  generated. 

Q.  Trace  the  steam  from  boiler  to  atmosphere  on  an 
engine  having  a  superheater. 

A.  After  leaving  the  boiler,  and  before  passing  to  the 
valve  chests  the  steam  passes  through  a  system  of  pipes 
or  coils,  termed  a  superheater,  located  in  the  smoke  box, 
and  is  thus  superheated. 

Q.  From  where  is  the  heat  obtained  that  is  imparted 
to  the  steam  passing  through  the  superheater  ? 

A.  From  the  waste  gases  in  their  passage  through  the 
smoke  box. 

Q.  Does  superheating  steam  increase  or  decrease  fuel 
consumption  ? 

A.  Fuel  consumption  is  greatly  decreased  by  super- 
heating steam. 

Q.  What  is  the  temperature  of  saturated  steam  at  i6o 
pounds  pressure? 

A.  Three  hundred  and  seventy  degrees. 
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Q.  Approximately,  how  many  degrees  additional  tem- 
perature are  obtained  by  superheating? 

A.  One  hundred  and  twenty  degrees. 

Q.  How  does  this  temperature  compare  with  that  t*i 
saturated  steam  at  225  pounds  pressure? 

A.  It  will  average  100  degrees  higher. 

Q.  In  what  manner  would  you  manipulate  throttle  and 
reverse  lever,  to  get  the  best  results  in  running  an  engine 
with  superheater? 

A.  Run  with  throttle  fully  open,  and  reverse  lever 
hooked  back  to  short  cut-off. 

Q.  At  the  same  cut-off  is  more  or  less  superheated 
steam  necessary  for  the  same  amount  of  work  as  with 
ordinary  steam?    Explain. 

A.  Less,  because  superheated  steam  has  a  greater  spe- 
cific volume  than  saturated  steam,  and  can  be  worked  at 
a  much  shorter  cut-off. 

Q.  With  the  same  cut-off,  wh)fc  is  the  cylinder  pressure 
higher  at  the  end  of  the  piston  stroke  with  superheated 
steam  than  with  saturated  steam  ? 

A.  For  the  reason  that  there  is  much  less  cylinder  con- 
densation with  superheated  steam  than  there  is  with  sat- 
urated steam.  Consequently  the  pressure  does  not  drop 
so  quickly  after  cut-off  occurs. 

ELECTRIC   HEADLIGHT 

Q.  Name  the  principal  parts  of  the  electric  headlight. 
A.  The  steam  turbine,  the  dynamo,  and  the  lamp. 

STEAM  HEAT 

Q.  What  comprises  the  steam-heat  equipment  on  a  lo- 
comotive ? 
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A.  A  throttle  valve,  steam  heat  gauge,  relief  valve,  re- 
ducing valve,  steam  pipe  and  hose. 

Q.  What  pressure  is  carried,  and  how  controlled? 

A.  Twenty  pounds  for  trains  of  five  cars,  and  three 
pounds  for  each  additional  car.  Forty-five  pounds  for 
heating  up  cold  trains.    By  the  reducing  valve. 

Q.  How  is  steam  admitted  from  boiler  to  steam-heat 
system? 

A.  Through  steam  pipe,  reducing  valve  and  connecting 
hose. 

Q.  Should  the  regulating  valve  ever  be  used  as  a  stop 
valve  ? 

A.  It  should  not. 

Q.  Do  you  understand  that  the  system  is  to  be  blown 
out  rear  end  of  train  and  steam  shut  off  before  engine  is 
detached  or  train  parted? 

A.  I  do. 

Q.  Is  it  your  duty  to  know  that  the  steam-heat  appara- 
tus on  the  engine  is  operative  before  leaving  the  round- 
housie  track  ? 

A.  Is  is. 

Q.  When  engine  is  detached  from  the  train,  what  pre- 
cautions should  you  take  to  prevent  freezing? 

A.  Allow  sufficient  steam  to  pass  through  to  prevent 
steam  pipe  under  tank  from  freezing. 

AIR  BRAKE  QUESTIONS  FOR  THIRD-YEAR 
MECHANICAL  EXAMINATIONS 

Q.  Name  the  principal  parts  of  the  automatic  air  brake 
on  cars,  and  state  the  duties  of  each  part. 
A.  The  auxiliary  reservoir,  triple  valve,  train  pipe. 
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brake  cylinder  and  piston,  pressure  retaining  valve,  auto- 
matic slack  adjuster. 

AIR  SIGNAL  SYSTEM 

Q.  Name  the  parts  of  the  air-signal  apparatus  on  en- 
gines and  cars,  and  state  the  duties  of  each  part. 

A.  Signal  pressure  reducing  valve  to  maintain  the  re- 
quired pressure  in  signal  pipe.  Signal  valve  to  admit  air 
to  signal  whistle.  Car  discharge  valve  to  permit  proper 
reduction  being  made.    Cut-out  cocks  and  stop  cocks. 

AIR  PUMPS 

Q.  Does  the  valve  gear  of  the  ii-inch  and  cross  com- 
pound operate  in  practically  the  same  manner? 

A.  It  does ;  the  cross  compound  valve  motion  being  a 
serial  arrangement  of  two  simple  compressors. 

Q.  What  will  cause  the  9 j4-inch  pump  to  blow  on  the 
up  stroke  ?    On  the  down  stroke  ? 

A.  Loose  rings  on  main  piston,  or  either  of  the  differ- 
ential pistons ;  main  slide  valve,  or  reversing  valve  leak- 
ing. 

Q.  If  pump  stops  below  the  maximum  pressure,  what 
should  be  done  to  get  it  started  ? 

A.  Reversing  piston  may  be  dry;  steam  blowing  past 
the  reversing  valve  rod ;  leak  in  reversing  valve  bush,  or 
reversing  cylinder;  air  strainer  may  be  stopped  up. 

Q.  What  would  cause  the  pump  to  stop  at  the  bottom 
of  the  stroke,  with  a  blow  at  the  exhaust? 

A.  Shoulder  on  main  valve  may  have  worn  into  the 
slide  valve. 
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Q.  What  will  cause  the  pump  to  stop  at  the  bottom  of 
the  stroke  without  a  blow  ? 

A.  Reversing  valve  plate  may  be  loose ;  ports  in  revers- 
ing valve  bush  may  be  stopped ;  packing  rings  on  revers- 
ing or  main  valves  may  be  bad. 

Q.  What  will  cause  the  pump  to  stop  at  the  top  of  the 
stroke  without  a  blow  ? 

A.  Reversing  valve  broken,  or  disengaged  from  re- 
versing plate ;  loose  reversing  plate ;  bad  packing  rings  on 
main  valve  piston  or  reversing  piston. 

Q.  How  can  you  tell  if  steam  is  reaching  the  pump 
properly? 

A.  Open  drain  cock  in  steam  passage  at  pump. 

Q.  How  would  you  test  for  leakage  past  air  piston 
packing  ring? 

A.  Notice  whether  the  suction  at  air  inlets  is  good  for 
nearly  the  entire  stroke.  If  it  is  not,  the  packing  rings 
are  leaking. 

Q.  Is  a  well-oiled  swab  necessary  on  pump  piston  rod  ? 

A.  It  certainly  is  of  great  benefit. 

Q.  Should  the  pump  be  allowed  to  run  over  ash  pit  or 
while  cleaning  fires  ? 

A.  It  should  not. 

Q.  With  a  95/^-inch  pump  in  good  condition,  what  is 
its  most  efficient  speed  ? 

A.  Not  to  exceed  120  single  strokes  per  minute. 

Q.  What  kind  of  oil  should  be  used  in  air  cylinder, 
what  quantity,  and  where  and  how  often  applied  ? 

A.  Valve  oil.  Should  be  applied  at  frequent  intervals, 
but  never  through  the  air  inlets. 

Q.  Does  a  cross-compound  pump  require  more  lubri- 
cation than  a  simple  pump? 
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A.  It  does. 

Q.  If  necessary  to  remove  the  steam  cylinder  head, 
what  should  first  be  done  ? 
A.  Close  all  steam  and  air  connections  to  the  pump. 

MAIN  RESERVOIR 

Q.  Does  the  size  of  the  main  reservoir  affect  the  opera- 
tion of  the  brakes  ? 

A.  It  does.  It  should  be  large  enough  to  contain  a 
sufficient  volume  of  air  to  promptly  charge  up  the  train 
pipe  and  auxiliaries  when  empty. 

Q.  What  harm  will  result  if  water  is  allowed  to  accu- 
mulate in  the  main  reservoir  ? 

A.  It  will  pass  into  the  train  pipe  and  in  winter  will 
freeze  and  stop  the  pipe. 

Q.  How  would  you  test  for  leakage  from  main  reser- 
voir and  what  is  the  effect  of  such  leakage? 

A.  Air  leaks  necessitate  working  the  air  pump  harder 
to  keep  up  the  pressure. 

GOVERNORS 

Q.  If  the  governor  stopped  the  pump  below  maximum 
pressure,  and  would  not  let  it  start,  and  you  could  not 
make  repairs,  what  would  you  do  ?    How  ? 

A.  Disconnect  the  upper  from  the  lower  section  of  the 
governor,  remove  the  steam  valve,  and  regulate  the  speed 
of  pump  by  the  air  pump  throttle. 

Q.  Why  is  the  duplex  governor  provided,  and  what 
pressure  does  it  control  ? 

A.  To  control  two  different  pressures,  viz. :  high  speed 
service  pressure,  and  low,  or  ordinary  pressure. 
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Q.  Where  does  the  air  come  from  that  controls  the 
minimum  pressure  head?    The  maximum  pressure  head? 

A.  Air  passes  to  low-pressure  head  through  the  brake 
valve,  and  to  high  pressure  head  from  main  reservoir. 

Q.  Will  similar  causes  of  trouble  produce  similar  ef- 
fect in  the  different  governors  ? 

A.  Yes;  with  this  exception,  that  the  older  type  of 
governor  is  controlled  only  by  main  reservoir  pressure. 

Q.  Does  the  feed  valve  have  any  effect  on  the  opera- 
tion of  the  older  type  of  governors? 

A.  Not  the  single  pressure  type,  as  they  are  controlled 
entirely  by  main  reservoir  pressure. 

Q.  Where  does  the  air  come  from  that  is  present  on 
the  under  side  of  diaphragm  of  the  excess  governor 
head?    In  what  position  of  the  brake  valve? 

A.  From  main  reservoir.  With  brake  valve  in  either 
release,  running  or  holding  position. 

Q.  What  is  the  standard  main  reservoir  pressure  on 
grades  less  than  one  and  one-half  per  cent?  On  grades 
of  one  and  one-half  per  cent  and  over? 

A.  Ninety  pounds  and  no  pounds. 

Q.  Where  duplex  governors  are  used,  what  should  be 
the  difference  in  adjustment  of  the  two  heads  as  regards 
pressure  ? 

A.  Twenty  pounds. 

Q.  What  is  the  allowable  variation  of  the  governor  in 
coiltrolling  pump  ? 

A.  Theoretically  there  should  be  no  variation. 

GAUGES 

Q.  What  is  the  purpose  of  the  different  air  gauges 
used  on  the  engine  ? 
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A.  To  properly  indicate  the  air  pressures  in  the  differ- 
ent parts  of  the  brake  system. 

Q.  How  can  you  test  principal  air  gauge  to  prove  prob- 
able correctness  ? 

A.  By  means  of  a  test  gauge  attached  to  train  pipe- 
hose  on  tender.  Place  brake  valve  in  full  release  for  the 
red  hand,  and  in  running  position  for  the  black  hand. 

BRAKE  VALVES 

Q.  What  is  the  dividing  line  between  main  reservoir 
and  brake-pipe  pressure  ? 

A.  The  rotary  valve. 

Q.  Do  you  consider  a  leaky  rotary  dangerous? 

A.  I  do. 

Q.  To  what  part  of  the  brake  valve  is  the  equalizing 
reservoir  connected,  and  for  what  purpose  ? 

A.  To  chamber  D  for  the  purpose  of  enlarging  it. 

Q.  What  is  indicated  when  the  brake  pipe  gauge  hand 
raises  a  few  pounds  after  the  brake  valve  is  returned  to 
lap,  when  applying  brakes  on  a  long  train,  and  does  not 
do  it  on  a  short  train  ? 

A.  Train  pipe  overcharged. 

Q.  Describe  in  detail  how  a  brake  valve  should  be 
cleaned  and  lubricated. 

A..  Remove  the  cap  nut  from  the  rotary  valve  key,  and 
fill  with  oil.  Before  replacing  the  cap  nut  push  down  on 
key,  and  rotate  the  handle  a  few  times  between  release 
and  emergency,  then  refill  the  oil  hole,  and  replace  the  ' 
cap  nut.  The  sides  of  the  latch  and  notches  on  quadrant 
should  also  be  lubricated. 
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FEED   VALVES 

O.  What  is  the  purpose  of  the  hand  wheel  and  stops 
on  the  B-4  and  B-6  feed  valves  ? 

A.  For  adjusting  the  valve  for  the  pressure  desired  in 
the  brake  pipe. 

E  T  EQUIPMENT 

Q.  To  what  part  of  the  brake  equipment  is  the  distrib- 
uting valve  and  its  reservoir  similar  in  operation  ? 

A.  The  reducing  valve. 

Q.  What  change  is  there  in  the  two  lower  pipes  on  the 
left-hand  side  as  between  number  5  and  number  6  equip- 
ment? 

A.  On  the  No.  6  distributing  valve  the  lower  left  hand 
pipe  is  the  release  pipe  leading  through  the  independent 
brake  valve  when  the  handle  is  in  running  position,  and 
the  other  pipe  just  above  it  is  the  application  cylinder 
pipe,  leading  to  the  independent,  and  automatic  brake 
valves. 

Q.  Which  is  the  most  favorable  to  accomplish  release 
on  any  train  and  avoid  overcharging,  a  light  application 
or  a  heavy  one?    Why? 

A.  This  depends  upon  circumstances,  and  the  particu- 
lar type  of  brake  in  use.  The  first  reduction  should 
never  be  less  than  from  5  to  7  pounds,  because  less  than 
this  would  not  force  the  brake  pistons  over  the  leakage 
grooves  in  the  cylinder. 

Q.  How  does  the  E  T  distributing  valve  operate  ? 

A.  It  permits  air  to  flow  from  the  main  reservoirs  to 
the  brake  cylinders  when  applying  the  brake ;  from  the 
cylinders  to  the  atmosphere  when  releasing  the  brake; 
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and  automatically  maintains  the  pressure  against  leakage, 
keeping  it  constant,  when  holding  the  brake  applied. 

Q.  How  will  it  affect  the  air  pump  if  the  strainer 
should  become  stopped  up? 

A.  The  pump  will  be  slow  about  pumping  up  the  pres- 
sure, as  the  strainer  will  not  admit  sufficient  air  to  fill  the 
cylinder  at  each  stroke  of  the  piston,  causing  it  to  work 
with  a  jerky  motion. 

Q.  What  would  you  do  if  the  governor  would  allow 
you  but  30  pounds  of  air  in  spite  of  all  you  could  do  to 
fix  it? 

A.  Would  cut  out  all  air  pres^re  from  the  governor, 
and  endeavor  to  regulate  the  speed  of  the  pump  with  its 
throttle. 

Q.  If  short  of  air  how  can  you  distinguish  quickly  if 
the  trouble  is  with  pump  or  governor? 

A.  If  after  making  an  application,  the  speed  of  the 
pump  does  not  increase  under  the  reduced  air  pressure, 
there  is  something  wrong  with  the  governor.  If  the 
speed  increases  without  increasing  the  pressure  the 
trouble  is  with  the  pump. 

Q.  When  could  you  use  emergency? 

A.  Only  in  case  of  actual  or  probable  danger.  It 
should  not  be  used  when  the  engine  is  on  the  turn  table. 

Q.  (a)  When  do  wheels  generally  slide,  at  high  or 
low  speed?    Why? 

(b)  Do  you  always  notice  your  tank  wheels  before 
starting  out,  to  see  if  any  shoes  are  frozen  to 
them  in  the  winter. 

A.  (a)  At  low  speed;  because  the  pull  of  the  brake 
shoe  has  exceeded  the  pull  of  the  rail  on  the 
wheel. 
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(b)  I  do;  and  if  I  find  any  frozen  I  always  thaw 
them  out  before  starting. 

Q.  Which  is  the  most  liable  to  slide,  a  freight  or  pas- 
senger car?    Why? 

A.  A  freight  car ;  owing  to  its  lighter  weight. 

Q.  How  would  you  do  braking  on  a  passenger  train 
on  a  slippery  rail  to  prevent  sliding  wheels  ? 

A.  Would  sand  the  rail  before  applying  the  brake,  and 
would  keep  the  rail  sanded  until  the  stop  was  completed. 

Q.  If  it  is  impossible  to  depend  on  sand,  as  with  a  side 
wind,  or  sand  pipes  stopped  up,  how  would  you  do 
braking? 

A.  Would  apply  the  brakes  in  sufficient  time  to  insure 
the  safe  holding  of  the  train. 

Q.  With  the  same  piston  travel,  will  empty  and  loaded 
cars  hold  alike  ? 

A.  The  loaded  cars  will  hold  better  than  empties. 

Q.  How  should  the  brakes  be  applied  on  freight  trains 
with  different  make  up  of  train  relative  to  loads  and 
empties  ? 

A.  Would  allow  ample  time  for  making  the  stop,  and 
after  shutting  off  would  wait  a  little  for  the  train  to  settle, 
and  the  slack  to  bunch  if  it  will.  Would  then  make 
the  first  reduction,  which  should  in  no  case  be  less  than 
5  pounds,  and  again  wait  for  the  slack  to  come  up.  After 
the  slack  is  bunched,  would  follow  up  as  circumstances 
dictate,  but  never  release  until  a  full  stop  is  made. 

Q.  On  passenger  trains  at  a  high  rate  of  speed  where 
should  a  train  be  steadied  by  the  brakes,  on  the  curve,  or 
approaching  it  ? 

A.  The  train  should  be  steadied  as  it  approaches  the 
curve. 
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Q.  (a)  What  harm  is  caused  by  leaving  the  1889  en- 
gineer's valve  on  lap  a  long  time,  and  then  re- 
leasing it?    Explain, 
(b)  Woul(J  you  run  a  pump  fast  with  the   1889 
valve  when  on  a  grade  ? 
A.  (a)  If  the  valve  is  placed  on  lap  and  allowed  to  re- 
main there  too  long  the  pump  is  liable  to  run 
main  reservoir  pressure  up  too  high,  because 
the  governor  cannot  shut  the  pump  off,  owing 
.   to  the  fact  that  with  this  type  of  valve,  train 
pipe  pressure  operates  the  governor, 
(b)  I  should  run  the  pump  very  carefully. 

Q.  In  testing  brakes,  why  not  use  the  emergency  ap- 
plication ? 

A.  Because  the  object  in  testing  is  to  ascertain  if  all 
the  brakes  apply  properly,  and  have  the  correct  pistoti 
travel,  and  also  that  release  takes  place  in  the  proper 
manner.  The  sudden  heavy  reduction  of  pressure  in  an 
emergency  application  would  hardly  be  a  fair  test. 

Q.  How  do  you  handle  the  different  engine  equipments 
to  prevent  heating  of  the  tires  on  a  grade? 

A.  If  the  drivers  slide  would  place  the  independent 

brake  valve  handle  in  release  position  and  hold  it  there 
until  the  wheels  again  revolve ;  then  if  desired,  would  re- 
apply the  brakes  with  this  brake  valve. 

Q.  Does  a  poor  driver  and  tender  brake  have  a  ten- 
dency to  increase  the  flat  wheel  record  on  cars  ?    How  ? 

A.  Yes ;  owing  to  the  fact  that  the  principal  portion  of 
the  braking  must  in  such  cases  be  done  on  the  train,  and 
reductions  may  at  times  be  too  heavy. 

Q.  (a)  If,  when  making  a  stop  with  a  heavy  freight 
train,  the  drivers  should  begin  to  slide,  and  you 
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did  not  dare  to  release  the  brake  for  fear  of 
breaking  in  two,  what  would  you  do? 

(b)  What  Ayould  you  do  if  equipped  with  com- 
bined automatic  and  straight' air  brake? 

(c)  With  E  T  equipment? 

A.  (^)  Would  release  all  brakes  and  sand  the  rail, 
then  apply  driver  brakes  and  immeditely 
afterward  train  brakes. 

(b)  Should  re-apply  driver  brakes  with  straight 
air. 

(c)  Would  try  to  graduate  driver  brakes  off  enough 
to  permit  the  wheels  to  revolve ;  then  sand  the 
rail  and  graduate  on  again. 

Q.  When  should  hand  brakes  be  used  at  rear  end  of 
train  ? 

A.  When  backing  a  freight  train  out  of  a  side  track,  if 
the  train  is  only  partially  equipped  with  air  brakes. 

Q.  How  many  air  brake  cars  should  be  operated  by 
one  engine? 

A.  That  depends  upon  the  size  of  the  air  pump.  The 
number  of  auxiliary  reservoirs  should  not  be  beyond  the 
capacity  of  the  air  pump  to  keep  them  charged. 
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Mallet  Articulated  Compound  Locomotives 

16-51,   576-577 

Advantages  of    28-31 

Boiler — How  Mounted   31-32 

Description — ^Underlying  Principles 24-28 

Distinguishing  Features    16-18 

Economical  in  Fuel   39-40 

Factor  controlling  Hauling  Capacity 19-20 

First  Mallet  Compound  in  America 32 

General  Dimensions  of  3739 

Inception  of  Articulated  System   19 
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Mechanical  Examinations — First  Year — continued — 

Steam,  and  How  Generated 374 

Steam  Pressure — ^Allowable  variation 381 

Mechanical  Examinations — Second  Year   387-403 

Air  Brake — ^Application  or  Reduction 402 

Air  Brake — ^Terminal  Test 402-403 

Air  Brake — Length  of  train  by  exhaust 402 

Air  Pump — Strokes  per  minute 403-404 

Air  Signals — Meaning  of    403 

Ash  Pan — Function  of  391^392 

Best  Way  to  Fire  a  Locomotive 389 

Boiler — Circulation  of  Water  in   ... : 392 

Crown  Bars — Disadvantages  of  391 

Crown  Sheet  dry — Effects  of  Water  on  it 393 

Crown  Sheets — How  supported 391 

Crown  Sheets — Radial  stayed 391 

Disabled  Brake — How  to  cut  out 404 

Double     Header — ^Which    engine     controls    air 

brake    403 

Drumming  Noise  in  Fire  Box 389 

Exhaust  Strongest  on  one  side 395 

Extension  Front  End  393 

Fire — ^Causes  of  holes  in 394 

Fire  Box — Description  of   390 

Fire  Box  Door — Cause  of  pull  on 395 

Fire  Box  Sheets — ^How  Supported 391 

Fire  Box  Sheets — Over  heated   392-393 

Fire  Box  Sheets — Strains  on 391 

Flues  Stopped    393 

Locomotive  Boiler — General  form  of 390 

Train  Heating  system  404-405 

Mechanical  Examinations — Third  Year 407-453 


INDEX  XXV 

Mechanical  Examinations — Third  Year — continued — 

Abuse  of  an  Engine .451  ' 

Accidents  and  Breakdowns — How  best  prevent- 
ed     451 

Air  Brake  Catechism— rSee  Air  Brakes. 

Allen  Ported  Valve    418 

Axle  Broken   432-433 

Balanced  Slide  Valves .415-417 

Bell  Ringer — Action  of 423-424 

Boiler  Attachments — Care  of  410 

Break  Downs — See  Break  Downs. 

Combination  boiler  check    449 

Crank  Pin  broken  or  bent 440-441 

Crosshead  and  Guides — When  to  line  up 448 

Cylinder  Cocks  blow — ^Throttle  closed 438 

Cylinder  Key  loose  or  lost 440 

Disabled  Locomotive — What  to  do   424 

Duties  of  Engineer  before  taking  engine  out 409 

Duties  of  Engineer  at  end  of  run .451-452 

Eccentric  Rods — Changing  length  of 420-421 

Eccentric  Rods — ^Why  made  adjustable  421 

Eccentric  slipped 429-430 

Eccentric  strap  or  rod  broken 430-431 

Engine  blows  when  on  right  dead  center 437-438 

Engine  out  of  Tram   414-415 

Equalizer  on  truck  broken 414-415 

Feed  Water — How  to  supply  to  boiler 412 

Flue  bursted  or  leaking  badly 425 

Foaming  and  Priming — Difference  between. ..  .412 

Danger  in    412-413 

What  to  do  in  case  of 412 

Front  End,  or  Stack  broken 442 


T 


XXVI  INDEX 
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Cost  of  Fuel  Oil   • 73-75 

^  Details  of  Furnace \^^y  80-82 
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Water  in  the  oil lOO-ioi,  121 
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Oil  Feed    .' 572 
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Parts  of  a  locomotive   197-201 
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Pounds — Causes  of 447 
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all  the  examples  given  are  drawn  to  scale  and  may  be  followed 
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